/ 


L 


BASELINE  OESIGN  REPORT 
OF 

EXTENDED  PERFORMANCE  HYDROFOIL  PROGRAM 
POM  FEASIBILITY  DEMONSTRATOR 


BASELINE  DESIGN  REPORT 
OF 


l 


EXTENDED  PERFORMANCE  HYDROFOH  PROGRAM 
PCH-1  FEASIBILITY  DEMONSTRATOR' 


\ 


Prepared  for 
Department  of  the  Navy 


David  W.  Taylor  Naval  Ship  Research  and  Development  Center 
Betnesda,  Maryland 


Under 

Contract  No.  N00600-76-C-0246 


and 

Report  Number  MAR 


8177 


^•cession  For 

TIS  GP-AfcT 
UC  TAh 
nannour.ced 


n 


•y - 

Distri 

.r*/  _ 

Avail 

v. 

'■  ?"ie*  ___ 

-  - 

Avti ,  *  ■ 

mi,' or 

DlSt 

| 

Sp>  c 

nX 

r 

Prepared  By 

Gruirman  Aerospace  Corporation 
Bethpage,  New  York  11714 


dtic. 

EL.ECTE] 

SEPa70M 


$ 


15  December  1930 


13  March  1981  -  Rev  'A' 

15  November  1981  -  Rev  ’B' 


ns 

fcy 


boa  been 


D 


tl.Tv  :■« i  *v ■  .  . 


»-v  ■ 


f  I  - 

1.-.  V 


.  .  .  ..X 


TABLE  OF  CONTENTS 


SECTION 

DESCRIPTION 

PAGE 

List  of  Figures 

11 

Symbols 

V 

Foreword 

lx 

0 

INTRODUCTION 

1 

1.0 

CONCLUSIONS 

2 

2.0 

CRAFT  DESCRIPTION 

4 

3.0 

PERFORMANCE 

8 

3.1 

Foil  System  Description  and  Data  Analysis 

8 

3.2 

Ml 69  Cruise  Drag  Polar 

27 

3.3 

PCH  Take-Off  Drag  Polar 

37 

3.4 

Ml 69  Take-Off  Drag  Polar 

37 

3.5 

Propulsion  and  Performance 

44 

3.6 

Maneuverability 

63 

3.7 

Foil  Lift  Characteristics 

95 

3.8 

Foil  Cavitation 

102 

3.9 

Transmission 

110 

4.0 

STABILITY 

112 

4.1 

Weight  Estimate 

112 

4.2 

Stability 

112 

5.0 

BUOYANCY/FUEL  TANK 

117 

6.0 

FLUID  SYSTEMS 

134 

6.1 

Fuel  System 

134 

6.2 

Bilge  and  Ballast  System 

150 

6.3 

Compressed  Air  System 

151 

6.4 

Hydraulic  System 

152 

7.0 

ELECTRICAL/ELECTRONIC  SYSTEMS 

155 

8.0 

RUDDER  AND  STEERING  AFT 

158 

9.0 

MODIFICATIONS  TO  EXISTING  SHIP  ' 

160 

10.0 

RECOMMENDATIONS 

164 

11.0 

SCHEDULE 

165 

12.0 

REFERENCES 

167 

Appendix  A 

Bearing  Life  Calculations 

1 


LIST  OF  FIGURES 


NUMBER 

TITLE 

PAGE 

Hybrid  Configuration  -  Design  M169 

X 

2-1 

Displacement  Curves  PCH-1  Mod  1 

5 

2-2 

Craft  Geometry 

6 

3-1 

Forward  Foil  Geometry 

9 

3-2 

Forward  Strut  Geometry 

10 

3-3 

Aft  Foil  Geometry 

11 

3-4 

Aft  Strut  Geometry 

12 

3-5 

Profile  Drag  Summary 

14 

3-6 

Generalized  Drag  Coefficients 

15 

3-7 

PCH-1  Mod  1  Drag  Coefficients 

16 

3-8 

PCH-1  Mod  1  Total  Drag  Polar  Coefficient 

20 

3-9 

Parasite  Drag  Breakdown  (H  *  4.0')  PCH-1 

21 

3-10 

Characteristics  of  PCH  Cruise  Drag  Polars  -  4'  Depth 

24 

3-11 

PCH  Cruise  Drag  Polars  (H  «  4.0') 

25 

3-12 

PCH  Cruise  Drag  Curves  (H  *  4.0') 

26 

3-13 

Buoyancy/Fuel  Tank  Friction  Drag  Coefficient 

30 

3-14 

Have  Drag  Coefficient  Buoyancy/Fuel  Tank 

32 

3-15 

Ml 69  Cruise  Drag  Polar 

33 

3-16 

Parasite  Drag  Coefficients  (H  »  4.0') 

34 

3-17 

Drag  Coefficient  Composition  (H  *  4.0') 

35 

3-18 

Drag  Composition  (H  »  4.0') 

36 

3-19 

Wave  Drag  Coefficient  B/F  Tank  16.16'  Depth 

39 

3-20 

Ml 69  Take-Off  Drag  Polar 

43 

3-21 

Variation  of  Net  Tank  Buoyancy  with  Fuel  Bum-off 

45 

3-22 

Variation  of  Dynamic  Lift  with  Fuel  Burn-Off 

46 

3-23 

Proteus  Engine  Fuel  Flow 

48 

3-24 

Ml  69  Specific  Range 

49 

3-25 

Maximum  Specific  Range  vs.  Usable  Fuel  Load 

50 

3-26 

Ml 69  Dynamic  Lift  vs.  Fuel  Bum-Off 

51 

3-27 

PCH-1  Nacelle  Coefficients 

53 

3-28 

Check  of  Cavitation  Free  Operation-  Mod  1  Props 

54 

3-29 

Ml 69  Cruise  Propeller  Efficiency 

56 

3-30 

Ml 69  HP  Required  and  Available 

58 

3-31 

Ml  69  Top  Speed 

59 

3-32 

Specific  Endurance 

60 

3-33 

Ml 69  Take-Off  Margin 

62 

3-34 

Lift  Equation 

71 

11 


LIST  OF  FIGURES 
(Continued) 


NUMBER 

TITLE 

PAGE 

3-35 

Pitch  Moment  Equation 

72 

3-36 

Side  Force  Equation 

73 

3-37 

Yawing  Moment  Equation 

74 

3-38 

Rolling  Moment  Equation 

75 

3-39 

Angular  Cavitation  Limits  -  40  Knots 

80 

3-40 

Turn  Characteristics 

88 

3-41 

Bank  Angle  vs.  Turn  Rate  Ml 69 

91 

3-42 

Turn  Radius  vs.  Turn  Rate 

92 

3-43 

Ml 69  Rudder  Angle 

93 

3-44 

Craft  Yaw  Angle  and  Fin  Angle  of  Attack 

94 

3-45 

Aft  Foil  Circulation  Distribution  (Table) 

96 

3-46 

Aft  Foil  Circulation  Distribution 

97 

3-47 

Aileron  Moment  Distribution 

99 

3-48 

Lift  Coefficient  Distribution  Aft  Foil 

101 

3-49  ' 

Cavitation  Parameters 

104 

3-50 

Aft  Foil  Cavitation  Boundaries  Mid-Span 

105 

3-51 

Aft  Foil  Cavitation  Corridor  Mid  Semi -Span 

108 

3-52 

Fwd  Foil  °C -  8  Cavitation  Corridor 

109 

4-1 

Group  Weight  Statement  PCH-1  Mod  1 

113 

4-2 

Group  Weight  Statement  Design  Ml 69 

114 

4-3 

Wind  Velocity  vs.  Liquid  In  Tank 

116 

5-1 

Tank  Assembly 

118 

5-2 

Tank  Capacity  Derivation 

119 

5-3 

Buoyancy/Fuel  Tank  -  Lift  &  Buoyancy 

122 

5-4 

PHM  1/20  Test  Model 

126 

5-5 

Buoyancy  Fuel  Tank  Support  Strut 

128 

5-6 

Typical  Diaphragm 

132 

6-7 

Fuel  System  Diagrammatic 

135 

6-2 

Refueling. All  Tanks 

137 

6-3 

Foil  borne  Fuel  Transfer  from  B/F  Tank  Cells  l  6  6 
Hull  Tanks 

138 

6-4 

Hullbome  Fuel  Transfer  from  Hull  Aft  Tank  to 

B/F  Tank  Cells  344 

139 

% 


111 


■  IS" 


cvr-  z/.\, 

.tor*  or.v  L- 

IEJJ3'  01 

'ils—  t-'.'  *'fx  i~?'?-rwccjuKRt 

ep.l/-l'-,  ^s  ace  or  3"*rau  4 

ccpr-,  m-zc-  'is  soe  or  uamj  dock,  at  m 

eo'r->y  ■»  <11.  eCJ»  U3U3CD  EASEL  CE 

LIST  OF  FIGURES 


(Continued) 


NUMBER 

TITLE 

PAGE 

6-5 

Hullbome  Fuel  Transfer  from  B/F  Tank  Cells  1  §  6  to 

Hull  Fwd  Tank 

140 

6-6 

Dockside  Fueling,  Flow  Vs.  Pressure 

141 

6-7 

Foilborne  Fuel  Transfer,  Flow  Vs.  Pressure 

142 

6-8 

Fuel  Sys.  Piping,  Equivalent  Straight  Pipe  Feet 

144 

6-9 

Fuel  Sys.  Pressure  Drops,  Cells  1  or  6 

145 

6-10 

Fuel  Sys.  Pressure  Drops,  Cells  1  and  6 

146 

6-U 

Seawater  Pressure  Drop  in  B/P  Tanks 

149 

6-12 

Ship  Mod.  Compressed  Air  Sys.  Arrgt. 

153 

6-13 

Hydraulic  System  Modification 

154 

7-1 

Steering  System  Modification 

156 

8-1 

Rudder  8  Stabilizer  Assembly 

1S9 

9-1 

Hull  Modifications  -  Frame  8  Bulkhead 

161 

9-2 

Hull  Modifications  -  Shell 

162 

9-3 

Hull  Modifications  -  Platform 

163 

11-1 

EPH  Program  PCH-1  Feasibility  Demonstrator  Schedules 

166 

j 

I 


SYMBOLS 


NOTES:  1.  Undesignated  dimensions  are  ft. /1b. /sec. /rad. 

2.  Primed  coefficients  are  normalized  by  component  reference  area. 
Unprimed  coefficients  are  normalized  by  craft  total  foil  area, 
238.48  ft. 2 

A  ASPECT  RATIO  OR  PROPELLER  DISK  AREA 

a  ACCELERATION 

B  BUOYANCY 

BHP  TURBINE  OUTPUT  BRAKE  HORSEPOWER 

b  SPAN 

C  CHORD 

CA  PROFILE  DRAG  COEFFICIENT  ALLOWANCE 

CD  DRAG  COEFFICIENT,  D/qS 

CF  FRICTION  DRAG  COEFFICIENT.  I.T.T.C.  AND  HAMA  ARE  EMPLOYED  AS 

DESIGNATED 

CL  LIFT  COEFFICIENT, L/ qS 

LIFT  COEFFICIENT  SLOPE,  dCj/dd 

CL$  FLAP  LIFT  COEFFICIENT,  dC,_/d  £ 

C. 

L0  RESIDUAL  LIFT  COEFFICIENT,  CL  FOR  Gt  *  £  -  0 

C1  SECTION  LIFT  COEFFICIENT 

Cl1eff  C1  F0R  df  0  (FOR  16-SERIES  SECTION) 

Cl1ref  POTENTIAL  VALUE  OF  Clteff(FOR  16-SERIES  SECTION) 

C1  ROLLING  MOMENT  COEFFICIENT,  ROLLING  MOMENT /qSI 

C1F  ROLLING  MOMENT  COEFFICIENT  DUE  TO  AFT  FOIL  SIDESLIP 

°n  PITCHING  MOMENT  COEFFICIENT,  PITCHING  MOMENTS! 


SYMBOLS  (cont'd) 


Cn  YAWING  MOMENT  COEFFICIENT,  YAWING  MOMENT/ qSl 

CP  PROPELLER  POWER  COEFFICIENT,  P/q  AV,  INCLUDES  WAKE  EFFECT 

CT  PROPELLER  THRUST  COEFFICIENT,  T/qA  ,  INCLUDES  5%  THRUST  DEDUCTION 

CW  TANK  WAVE  DRAG  COEFFICIENT 

CY  SIDE  FORCE  COEFFICIENT,  Y/qS 

CYp  SIDE  FORCE  COEFFICIENT  SLOPE,  dCy/d£ 

C(),C1,C2  DRAG  POLAR  COEFFICIENTS,  CQ  ■«  CQ  +  C-,  CL  +  C?  C ^ 

D  CRAFT  DRAG 

E  JONES  EDGE  CORRECTION  FACTOR 

ES  SPECIFIC  ENDURANCE,  RECIPROCAL  OF  FUEL  FLOW 

EHP  EFFECTIVE  HORSEPOWER,  TV/550  *  \  BHP 

G  NORMALIZED  CIRCULATION  FACTOR 

g  ACCELERATION  OF  GRAVITY,  32.2  FT./SEC.2 

h  DEPTH 

i  INCIDENCE  ANGLE  (RELATIVE  TO  POD) 

KE  HOERNER’S  END  PLATE  FACTOR 

L  DYNAMIC  LIFT,  W-B 

1  FOIL  BASE  LENGTH,  DISTANCE  BETWEEN  FWD.  &  AFT  FOILS  -  1,  +  I2 

1T  DISTANCE  BETWEEN  FWD.  FOIL  AND  C.G. 

]Z  DISTANCE  BETWEEN  AFT  FOIL  AND  C.G. 

log  TO  BASE  10 


SYMBOLS  (Cont'd) 


PV  VAPOR  PRESSURE,  72  psf 

PHP  PROPELLER  HORSEPOWER,  \  BHP 

q  DYNAMIC  PRESSURE,  V2/2 

R  TURN  RADIUS 

RN  REYNOLDS  NUMBER 

RS  SPECIFIC  RANGE,  Es  VK 

S  TOTAL  CRAFT  FOIL  AREA,  238.48  ft.2,  OR  PRESSURE  COEFF.,  1  +  ff* 

T  THRUST 

THP  THRUST  HORSEPOWER,  TV/550  =  *1  PHP 

V  SPEED,  fps 

VK  SPEED,  KNOTS 

v  SECTION  LOCAL  VELOCITY  OUE  TO  THICKNESS 

v  SECTION  LOCAL  VELOCITY  INCREMENT  DUE  TO  CAMBER 

v'  SECTION  LOCAL  VELOCITY  INCREMENT  DUE  TO  ANGLE  OF  ATTACK 

W  CRAFT  WEIGHT 

Y  SIDE  FORCE 

y  LATERAL  DISTANCE  FROM  MID-SPAN  ON  FOIL,  VERTICAL  DISTANCE  FROM 

C.G.  ON  CRAFT 

Ct  CRAFT  PITCH  ANGLE  OR  SECTION  ANGLE  OF  ATTACK 

*04.  FOIL  ANGLE  OF  ATTACK  MEASURED  FROM  ZERO  LIFT  ANGLE 

*$ so  SECTION  ZERO  LIFT  ANGLE  OF  ATTACK 
p  SIDESLIP  ANGLE 

P  DIHEDRAL  ANGLE 

T  ROLL  ANGLE 

£.  INCREMENT 

£  SECTION  FLAP  ANGLE  OR  FOIL  LIFT  FLAP  ANGLE 

AILERON  ANGLE 
Sjf  RUODER  ANGLE 


vll 


SYMBOLS  (Cont'd) 


TANK  FIN  ANGLE 

$,  DEFLECTION  OF  A  FULL  CHORD  FLAP  OVER  SPAN  EXTENT  OF  FLAP 

X  PROPORTION  OF  CHORDWISE  LIFT  DISTRIBUTION  DUE  TO  FLAP  WHICH  IS 

OF  BASIC  TYPE. 5  =  .4527  FOR  PCH 

^  PROPELLER  EFFICIENCY  OR  FOIL  SPAN  STATION 

FOIL  SPAN  STATION  FOR  CENTER  OF  PRESSURE 

\  TRANSMISSION  EFFICIENCY.  952  EMPLOYED  HERE 

IDEAL  PROPELLER  EFFICIENCY,  2  (s/T+cy  -0/cr 

ft  VISCOUS  SECTION  LIFT  CURVE  SLOPE/JP"  =  .8993  FOR  16-SERIES  SECTION 

IN  PROTOTYPE  SCALE 

V’  KINEMATIC  VISCOSITY  =  12.82  x  10"6  FT.2/SEC‘ 

P  DENSITY  -  1.9905  LB.  SEC.2/FT.4 

G*  CAVITATION  NUMBER,  (P$-Pv)/q 

r  YAW  ANGLE 

A  FLAP  VELOCITY  DISTRIBUTION  PARAMETER 

SUBSCRIPTS 

B  DUE  TO  BUOYANCY 

D  A  DESIGN  OR  REFERENCE  CONDITION 

1,  0  INBOARD,  OUTBOARD 

L  DUE  TO  LIFT 

Min  MINIMUM 

Max  MAXIMUM 

P  PARASITE 

qp/C  AT  THE  SPEED  FOR  qp/C 

S  TANK  STRUT 

T  TANK 

VQ  AT  DESIGN  OR  REFERENCE  SPEED 

1,  2  FWO..AFT 

00  AT  INFINITE  DEPTH  (AERODYNAMIC) 

vlll 


FOREWORD 


Grumman  Aerospace  Corporation,  Advanced  Marine  System  Department, 
has  conducted  this  Investigation  into  the  feasibility  of  generating  a  hybrid 
surface  ship  by- Installing  a  buoyancy/ fuel  tank  on  the  PCH-1  HIGH  POINT  under 
Contract  N00600-76-C-0246  and  N00600-81-D-0877. 

Contact  person  and  Project  Manager  at  the  David  W.  Taylor  Naval  Ship 
Research  and  Development  Center  (DTNSRDC)  was  Mr.  John  Meyer  of  the  Hydrofoil 
Program  Office  (Code  1159)  (202-227-1709). 

This  investigation  was  a  continuation  of  the  general  exploration  into 
the  practicability  of  enhancing  the  performance  of  hydrofoil  craft  by  utilizing 
an  external  fuel-carrying  buoyancy  tank  isolated  below  the  craft's  fully  sub¬ 
merged  foils,  carried  out  under  the  DTNSRDC  Ship  Feasibility  Investigation  Block 
Program  (SF43-411-291).  ^  * 

The  results  of  previous  efforts  are  contained  in  the  following  Grumnan 
reporcs: 

1)  MAR  298-813-1,  ASW  Hydrofoil  Feasibility  Study  -  Range  Optimization 
August  1979. 

2)  MAR  298-814-2,  ASW  Hydrofoil  Feasibility  Study  -  Technical  Study- 
Final  Report,  November  1978. 

3)  MAR  298-818-1,  PCH-1  HIGH  POINT  -  Feasibility  Investigation  of 
Buoyancy/Fuel  Tank  Installation  -  Final  Report,  January  1980 

4)  MAR  298-818-1,  PCH-1  HIGH  POINT  -  Feasibility  Investigation  of 
Buoyancy/Fuel  Tank  Installation  -  "Rev.  A"  September  1980 

Schedules  for  the  Implementation  of  the  proposal  from  detail  design  through 


sea  trials  are  presented. 


SECTION  0 


INTRODUCTION 


The  purpose  of  the  Preliminary  Design  Investigation  was  to  define 
the  technical  validity  of  using  a  buoyancy/ fuel  tank  to  improve  hydrofoil 
performance  and  enhance  mission  capabilities. 

The  existing  hydrofoil  craft,  PCH-1  HIGH  POINT,  Was  selected  by 
DTNSRDC  as  the  RgD  platform  on  which  to  conduct  the  developmental  inves¬ 
tigation.  This  craft,  in  the  Mod  1  version,  with  the  buoyancy/fuel  tank 
installed  is  referred  to  as  Hybrid  Design  M169  in  the  sections  following. 

With  the  exception  of  the  performance  discussion.  Section  3, 

Revision  'B'  to  this  report  incorporates  the  developments  reflected  by 
the  detail  design  phase  of  the  program.  It  is  recognized  that  the  per¬ 
formance  will  be  degraded  by  an  indeterminate  amount  due  to  the  increase  * 
in  craft  displacement  and  dynamic  lift  requirements  which  wbto  not  further 
investigated  due  to  Program  limitations. 

Inasmuch  as  a  weight  statement  reflecting  the  current  condition  of 
PCH-1  Mod  1  was  not  available  at  the  onset  of  this  task,  it  was  decided 
to  base  all  performance  calculations  on  the  full  load  condition  weight  of 
126.20  long  tons  as  recorded  on  Figure  4-1.  It  was  recognized  that  the 
126.20  tons  is  an  arbitrary  figure  inasmuch  as  the  full  load  development 
included  various  items  of  test  equipment  and  test  personnel. 

It  had  been  anticipated  that  a  minimal  effort  would  be  expended  to 
review  hullbome  performance  of  the  PCH-1  with  the  buoyancy/ fuel  tank 
attached.  As  an  exhaustive  search  of  the  data  bank,  by  both  Grumman  and 
DTNSRDC  revealed  that  sufficient  background  information  was  not  available 
to  permit  an  investigation  to  be  made  which  would  predict  hullbome  per¬ 
formance  with  any  degree  of  reliability,  none  was  conducted. 

The  dynamic  lift  value  of  117.79  L.T.  is  used  throughout  the  per¬ 
formance  calculations  of  Section  3  inasmuch  as  it  formed  the  basis  for  the 
feasibility  and  preliminary  design  investigations  of  References  15  and  21. 
As  this  value  falls  between  the  dynamic  lifts  for  the  original  full  load 
and  minimum  operating  conditions,  it  is  felt  that  it  presents  a  represen¬ 
tative  operating  condition  ponding  further  investigation. 


SECTION  1 


CONCLUSIONS 


1.0  The  results  of  the  previously  conducted  feasibllty  and  preliminary 
design  investigations  for  the  Installation  of  a  buoyancy/fuel  tank 
on  the  PCH-1  HIGH  POINT  has  indicated  that  the  concept  is  developable 
if  certain  limitations,  and  uncertainties  are  accepted. 

e 

1.1  A  DTNSRDC  drag  analysis  for  the  buoyancy/fuel  tank  Included  wave¬ 
making  and  frictional  resistance  only.  Resistances  due  to  surface 
roughness,  fouling.  Interference,  eddy-making  were  Included  In  the 
preliminary  design  phase  of  the  Investigation. 

1 .2  Buoyancy/fuel  tank  loads  based  upon  PHM  model  tests  have  been  In¬ 
vestigated  In  more  detail  by  DTNSRDC  (Reference  9)  and  Grumnan 

(Reference  25)  and  the- results'  form  the  basis  for  the  detail  design 
analysis  of  the  Design  M169; 


1.3  Coordinated  turning  performance  of  the  craft  is  limited  by  aileron 
cavitation  to  2.75  to  3.85  deg./sec.  at  30-40  knots,  with  a  rudder 
angle  of  3.1  degrees. 

1.4  Although  there  Is  an  advantage  to  having  a  positively  buoyant  tank 
In  terms  of  reduced  foil  borne  drag  on  the  foils,  there  Is  a  limit 
to  the  positive  buoyancy  which  can  be  tolerated  without  seriously 
affecting  the  PCH-1  hullbome  Intact  stability.  Thus  for  safety 
reasons,  the  positive  buoyancy  must  not  exceeed  n .82  long  tons.  This 
will  satisfy  the  given  80  knot  gradient  wind  criteria. 


1.5 


*v*’.  *' 
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The  methods  of  attachment  Investigated  have  Indicated  that,  for  a 
feasibility  Installation,  the  possibility  of  removing  the  tank  with 
the  craft  afloat  would  be  extremely  difficult  under  all  conditions 
regardless  of  the  method  adopted,  and  the  concept  was  therefore 
eliminated  from  the  detail  design. 
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6  To  enhance  the  follborne  and  hullborne  steering  capability,  an 
additional  rudder  Is  required  on  the  tank  at  the  centerline  aft. 

Initially  It  was  assumed  that  a  single  rudder  above  the  tank  would 
be  satisfactory.  However,  to  Insure  statical  stability.  It  has  been 
determined  that  a  cruciform  arrangement  is  required,  as  shown  on 
Figure  2.2. 

7  Fuel  capacity  of  the  B/F  tank  was  predicated  on  obtaining  approximately 
neutral  buoyancy  In  either  full  fuel  or  ballast  coadltlons. 

8  The  possibility  for  Increasing  tank  buoyancy  by  blowing  ballast 
water  out  of  selected  tanks  after  fuel  has  been  transferred  Into 
the  hull  tanks  has  been  incorporated  into  the  detail  design. 

This  has  been  accomplished  by  providing  a  compressed  air  connection 
to  the  fuel  transfer  lines  within  the  hull. 

9  One  of  the  major  problems  Is  related  to  the  meting  of  the  tank  to 
the  hull.  Inasmuch  as  the  hull  Is  of  aluminum  construction  and  the 
tank  Is  steel i  the  Isolation  of  the  dissimilar  metals  Is  of  prime 
Importance. 
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SECTION  2 


CRAFT  DESCRIPTION 

The  PCH-1  Mod  1  is  a  canard  configured  hydrofoil  craft  with  the 
following  principal  characteristics,  exclusive  of  the  buoyancy/ 
fuel  tank: 


Length  Between  Perpendiculars 

110.00  Ft. 

Length  Overall 

115.75  Ft. 

Beam  -  (Maximum) 

31 .28  Ft. 

e 

Beam  -  (DWL) 

21.40  Ft. 

Draft  -  (Foils  Extended) 

19.83  Ft. 

Draft  -  (Foils  Retracted) 

8.58  Ft. 

Displacement  -  (Light  Ship) 

99.56  L.T. 

DIspTacement  -  (Full  Load) 

126.20  L.T. 

With  the  addition  of  the  buoyancy/fuel  tank  to  the  craft,  the  drafts 
and  displacements  are  as  follows: 

Draft  24.25  Ft. 

Displacement  -  (Light  Ship)  146.96  L.T. 

Displacement  -  (Full  Load  -  Fuel)  211.36  l.T. 

Draft  vs.  displacement  curves  are  given  on  Figure  2-1. 

The  existing  strut/foll  Installations  are  arranged  for  wet  retraction. 
Retraction  of  the  struts  with  the  B/F  tank  Installed  possible  as  there 
Is  no  permanent  attachment  between  the  B/F  tank  and  the  strut/foll  system. 

Propulsion  Is  provided  by  two  Proteus  PT1273  gas  turbine  engines  driving 
four  (4)  five  bladed  sub-cavltatlng  fixed  pitch  propellers  thru  bevel  gears 
and  strut  shafting.  The  propulsion  system  Is  described  In  greater  detail 
In  Section  3.4. 

The  new  buoyancy/fuel  tank  Is  attached  to  the  underside  of  the  hull  as 
shown  on  Figure  2.2.  The  attachments  are  designed  so  that  loads  In  all 
axes  are  resisted  at  the  midship  strut,  the  aft  foil  connection  being 
capable  of  taking  vertical  and  side  loads  only. 
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2.2  To  enhance  the  B/F  tank  stability  and  craft  steering  capability,  an 

(Cont'd)  additional  rudder  is  added  to  the  B/F  tank  at  the  centerline  aft. 

Fuel  and  ballast  are  contained  within  the  same  tank  compartments, 
separated  by  flexible  diaphragms.  Displacement  of  either  fuel 
or  ballast  is  accomplished  by  pressurizing  the  opposite  side  of 
the  diaphragm,  utilizing  ram  pressue  on  the  ballast  side  foilborne, 
static  pressure  hull  borne,  and  an  existing  fuel  pump  or  pressure 
fueling  on  the  fuel  side.  Segregation  of  fuel  cells  is  provided 
by  separate  fill/discharge  lines  to  each  tank. 


SECTION  3 


PERFORMANCE 

3.0  The  following  section  presents  the  performance  of  Design  M169. 
The  performance  prediction  Is  based  largely  upon  information 
for  the  PCH-1  supplied  to  Grumman  by  the  Hydrofoil  Special 
Trials  Unit  and  the  Hydrofdil  Program  Office  at  NSRDC. 


3.1  Foil  System  Description  and  Drag  Analysis  -  The  PCH-1  Mod  1  foil 

system  is  a  canard  configuration  with  twenty-seven  and  a  half  per¬ 
cent  of  the  total  foil  area  forward  and  seventy-two  and  a  half  per¬ 
cent  aft.  The  forward  "tee"  foil  has  a  planform  area  of  65.63 
square  feet,  a  taper  ratio  of  0.25  and  an  aspect  ratio  of  6.10. 

The  aft  foil  is  a  "Pi"  foil  with  a  planform  area  of  172.85  square 
feet*  a  taper  ratio  of  1.0  (rectangular),  and  an  aspect  ratio  of 
7.65. 

Most  of  the  foil /strut/pod  dimensions  were  obtained  from  Boeing 
Drawing  No.  25-56103  PRINCIPAL  DIMENSIONS  PCH-1  Mod  1,  dated  5/69. 
Figures  3-1  thru  3-4  present  the  dimensions  used  In  the  drag  analy¬ 
sis  of  Design  M169. 

Drag  Analysis  -  The  details  of  the  drag  analysis  performed  on 
Design  M169  can  be  found  In  Reference  1.  The  total  drag  coefficient 
is  presented  as  a  quadratic  In  the  lift  coefficient: 

CD  *  C0  +  C1  Cl  +  C2  CLZ 

The  PCH-1  Mod  1  drag  coefficient  is  the  summation  of  five  individual 
drag  components : 

1.  Parasite 

2.  Separation 
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•ATS 


3.1 

(cont'd) 


3 .  Induced 

4.  Surface  Image 

5.  Wave 

Each  of  these  drag  components  can  be  expressed  as  a  function  of 
foil  geometry  except  for  the  parasite  drag  which  has  a  strong 
dependency  on  vehicle  size  and  propulsion  system. 

The  total  drag  of  Design  Ml 69  was  determined  by  developing  the 
drag  polar  for  the  PCH-1  Mod  1,  and  then  adding  the  additional 
drag  of  the  buoyancy/fuel  tank  and  the  additional  strut  aad  fins. 

The  parasite  drag  coefficient  Is  the  most  complex  term  of  the 
craft  drag  polar  coefficient  equation  when  that  equation  Is  expressed 
In  general  form.  It  Is  the  sum  of  many  components  of  distinct  ref¬ 
erence  areas,  where  those  distinct  reference  areas  do  not  necessarily 
have  a  fixed  relationship  to  the  variable  total  foil  area,  which  is 
the  reference  for  the  total  parasite  drag  coefficient.  The  parasite 
drag  coefficient  must  contain  the  effect  of  foil  planform,  submer¬ 
gence  and  speed,  and  must  do  so  in  an  analytical  form  which  promotes 
the  definition  of  optimization. 

The  derivation  of  the  parasite  drag  coefficient  is  presented  In 
detail  In  Reference  2.  The  parasite  drag  coefficient  for  PCH-1  Is 
summarized  in  Figures  3-5  thru  3-7.  Figure  3-5  Is  a  compilation  of 
the  profile  drag  for  each  component  in  the  foil  system.  Figure  3-6 
is  the  generalized  parasite  drag  coefficient  components  normalized 
to  the  total  foil  area,  and  Figure  3-7  Is  the  generalized  parasite 
drag  coefficient  components  for  a  total  foil  area  of  238.48  square 
feet.  The  total  parasite  drag  coefficient  for  the  PCH-1  Mod  1 
becomes  a  function  of  foil  submergence  only: 

CDp  «  5.0965  X  10"6  h2  +  4.4492  X  10”4h  +  1.0978  X  10“2 


13 


3.1  The  Incremental  foil  profile  drag  (separation  drag)  is  significant 
(cont'd)  in  hydrofoil  design  due  to  cavitation  considerations  and  foil  section 
selection.  The  separation  drag  coefficient  is  inherently  of  polar 
drag  form: 


X  Sep  {  CL  -  Ciy 


Where  X  sep  an<*  are  foil  section  characteristics,  and  for  Design 
Ml 69  take  the  values: 


:Dsep  *  0.005  {  CL  -  0.3^ 


The  classical  aerodynamic  value  of  the  induced  drag  coefficient  Is 
employed  and  appears  In  the  drag  polar  as: 

Cdi  -j_l£  cl2 

TT  A 

Where  S  Is  a  circulation  distribution  factor  which  Is  a  function  of 
aspect  ratio  and  taper  ratio.  For  the  forward  foil,  the  circulation 
distribution  factor  Is  0.0153  and  for  the  aft  foil  0.0666 

The  exact  form  of  the  surface  image  drag  Is  still  a  matter  of 
academic  debate,  but  past  experience  Indicates  that  Wadi  ins'  formula¬ 
tion  is  a  good  approximation.  The  surface  image  drag  coefficient  is 
written  as: 


1 

cos  A 


Where: 


83T  27*16  (£)+/R 
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3.1  and  the  total  drag  polar  equation  takes  the  form: 
(cont'd) 


*  Cr 


{°- 


3637SC, 


0444 S6C.,  [  C, 


where: 


C„  =  5.0965  X  10‘6  h2  +  4.4492  X  10*4  h  +  1.1428  X  10"2 


C,  *  -0.003 

!t 


C,  ■  0.05798  + - 1^05 - 

z\  1.18151T+37.21 


C,  «  0.04938  + - 


1  * 


.+  1 


1B151T+38.21 


-22.5784H 


+  20.772  e 


0.7091 h  +58.522 


_ 1 _ 

I  5 

l/O .  7091  li  +59 . 522 


+  1 


.  26.812  e  V,. 

+ 5 — ■ —  K 

II  t 


-22.5784h 
2 - 


The  total  drag  polar  coefficients  for  the  PCH-1  Mod  1  are 
sianarlzed  In  Figure  3-8. 

A  decomposition  of  the  parasite  drag  for  the  PCH-1  at  a  four 
foot  submergence  Is  presented  .in  Figure  3-9.  The  parasite  drag 
Of  the  buoyancy/fuel  tank  Is  not  Included  in  this. figure. 

The  drag  for  Design  Ml 69  Is  obtained  by  adding  the  drag  of  the 
buoyancy/ fuel  tank,  fins  and  the  added  strut  to  the  drag  of  the  PCH-1 
Mod  1  and  Is  as  shown  on  Figure  3-18. 


19 


)  ABE  AW  ARRAY 


3.1.1  PCH  Cruise  Drag  Polar  -  For  a  four  foot  depth  the  PCH  drag  polar 
of  Section  3.1  of  Reference  1  can  be  written: 


(3.1-1) 


which  is  the  equation  for  the  PCH  drag  curves  of  Figures  3-11  and  3-12 
of. Reference  15. 

The  exponential  term  of  Equation  3.1-1  can  be  written  in  the  general 
form: 

14-,7+L  *  e. 


°  V  ^ 


z  +,r+ixi, rs e7  *- 

Z  LfV  *v* 


(3.1-2) 


For  a  40  knot  design  speed: 


(3.1-3) 


For  the  design  speed' and  3/4  and  1/2  design  speed 
this  Increment  becomes: 

lcd  -  .own 

* \.n  »./«**<£, 

(3.1-4) 
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3.1.1  which  may  be  written  in  drag  polar  form  as: 
(Cont'd) 

bc0  -  CL.  +  C£.r.  <t*’ 


»,o 


where: 


a. 


=  (Vv£*,<W"  8  1 •*«**; 


(3.1-5) 


Substituting  this  result  Into  Equation  3.1-1  the  drag  polar  may  be 
written: 


Cps  *ot}f>+.03l0ltCi"  ~(,oo}t.  -f.  It  ?7o  CL  L 


where  Cn 

UP  -  .01284  (3.1-6) 

The  significant  characteristics  of  Equation  3.1-6  are  shown  In  Figure 
3.10  for' dynamic  lifts  of  90,  117.79,  and  120  long  tons.  The  drag 
polars  are  shown  on  Figure  3-11  and  the  dimensional  equivalents  are 
compared  with  the  exponential  form.  Equation  3.1-1,  on  Figure  3-12. 

The  drag  polar  has  been  fit  to  that  speed  range  significant  to  the  craft 
cruise  performance. 
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0  presents  Min  THP 


3.2  Referenced  to  the  craft  foil  area  the  tank  strut  spray  drag  employed 
(Cont'd)  is: 


H 


^  V  iML 


(3.2-6) 


The  total  tank  strut  drag  coefficient  is  the  sum  of  Equations  3.2-5 
and  3.2-6: 


i  c 


Sw  =  r  Z 


(3.2-7) 


Vertical  and  lateral  tank  fins  of  9  ft.  span  and  a. 5  ft.  chord  each 
are  employed.  Over  the  20-40  knot  speed  range  the  Schoenherr  coefficient 
for  each  of  these  fins  is: 


RfiKlO  = 


-4  _  <i.rvfr  _ 


ti>  ez. 


=■  J'ZUt  t*  /?,  ++J 


Cf,*>ooiwz4~  to 

”  t  - sr  (3.2-8) 

Only  745  ft.  of  the  span  of  each  fin  is  exposed.  For  the  two  fins 
with  a  201  drag  allowance  and  referenced  to  the  craft  foil  area, 
the  fin  drag  coefficient  becomes: 


C°f,n  s 

,Loo*o  Cf- 


(3.2-9) 
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3.2  For  the  100  ft.  tank  the  20-40  knot  Reynolds  Number  variation  is: 
(Cont'd) 


KH*io  -- — TT7Z —  to  rfrfy  ( 

The  corresponding  I.T.T.C.  friction  drag  coefficient  range  is: 

cf-'°rrO°t  flu -id  =  .orrlftrOtHxw^)*^ 


-  to 


”  .OOH,OC?  + 


,  OOQQ  / 


and  with  a  .0005  allowance 


(3.2-11) 


.oo iZ***flL  C  (3.2-12) 

This  formulation  from  Reference  16  Is  employed  here.  It  is  compared  with 
the  A.T.T.C.  formulation  and  with  current  GAC  practice  for  pod  drag  on 
Figure  3-13. 

Referencing  the  1649  sq.  ft.  tank  wetted  area  of  Reference  16  to 
the  total  foil  area,  the  tank  profile  drag  coefficient  becomes: 

C*rrz  7T5&?  (Cf * ^0 ~  (Cf  * 

=  rr  iSSi&ZZ-C  (3.2-13) 

From  Reference  2  to  the  wave  drag  coefficients  at  design  speed  (40  kts), 
half-design  speed,  and  half  design-speed- ^  points  1 ,  4/3,  and  2) 

are: 

cj0  *.**•"* 

~  ‘OoofiT 

'*0*7*3 
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(3.2-14) 
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FIGURE  3-13 


3.2  for  which  the  drag  polar  form  is 
(Cont'd) 

(  I  I  |  t- 

^  f  Q„/ 


(3.2-15) 


where : 


wneie.  |  ^ 

C<V  ^  ~  to  *^/i. 

c>«  *  6«s  tf -  ?*%,)/£, 

cj--o  \  -\cw  ?^,y< 


-  -,oooHC3 


=.  -~,OOOOt>HL7^Cu^ 


(3.2-16) 


So  the  drag  polar  form  of  the  tank  wave  drag  coefficient  is: 
Cy  =  -.0  001/15  ooo i)7r^  ~.ooooot\n0£^\ 


(3.2-17) 


Which  Is  compared  with  the  drag  coefficients  of  Reference  16  on 
Figure  3-14. 

Referenced  to  the  craft  foil  area  Equation  3.2-17  becomes: 

5^  j|-  /  / 

t^-r  r  £$/ 44  ^ 

-  -  .OOOPOH  t>  oo/U+l.  ^  -  .OOOOl+?fC%^) 

(3.2-18) 

The  M169  drag  polar  then  becomes  the  sum  of  Equations  3.1-6,  3.2-7, 
3.2-9,  3.2-13,  and  3.2-18  which  Is  compiled  On  Flgqre  3-15.  Figure 
3-16  shows  the  composition  of  the  drag  Increment  associated  with  the 
tank  and  Figures  3-17  and  3-18  set  that  Increment  Into  the  context 
of  the  total  craft  drag  coefficient  and  drag. 
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Ml 69  CRUISE  DRAG  POLAR 


PCH  Cn  :  .01284 
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FIGURE  3-15 
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FIGURE  3-16 
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DRAG  COEFFICIENT  COMPOSITION 


3.3  PCH  Take  Off  Drag  Polar  -  The  PCH  take  off  drag  polar  of  Reference  1 
is  employed  in  the  form  of  Equation  3.3.7  of  Reference  17. 


\  ^ 

C0-  .01^3^.00310^4  ~(oo3  +.0/1.°)cljJCL+.  10103  CL 

(3.3-1) 

Note  that  the  zero  displacement  hull  spray  drag  coefficient  is  not 
included. 

Ml 69  Take  Off  Drag  Polar  -  From  Reference  2  the  tank  wave  drag  co¬ 
efficients  at  16.16  ft.  depth  and  at  15,  21.213,  and  30  knots 
(folff'  =1,2,  and  4)  are: 


CWq  ~  ,ooO/ 

cv.,lt,  -  ■oootsi 

For  which  the  drag  polar  form  is: 


(3.4-1) 


i  I 


rv  “  rV  +  C  t  Q*-  cu 


(3.4-2) 


where  f  f  j 

Sw» +  i  v  , 

cv  -  i  ^ JA « 


S  -.000*990 

-,ooorur 
-  -.oooo^^T" 


(3.4-3) 


so  the  drag  polar  form  of  the  tank  wave  drag  is: 


£  .to- 

cj-  -.000*99*-  ,ooonu  f  ^  ~  ,o«>o9Pr££y  0.4-4) 
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3.4  which  Is  compared  with  the  drag  coefficients  of  Reference  16  on 
(Cont'd)  Figure  3-19  .  Referenced  to  the  craft  foil  area  Equation  3.2-17 
becomes : 


— j-1 


=•  - .  qqio6?+ .  0036, 4  ^  - ,  9006 ?// 


(3.4-5) 


In  the  15-30  knot  range  the  tank  Reynolds  Number  range  is: 

(3.4-6) 


The  corresponding  I.T.T.C  friction  drag  coefficient  range  is: 


4  =  >07r[hy  faNxio^  +*}' 


^.oo/rvtz  to  .oom?4- 

*  >001667/  i~ - — — ■"** 

Cuso 


(3.4-7) 


and  with  a  .0005  allowance: 


<f  ,o*t*7/+  ‘SSS^kiZ cu 


(3.4-8) 


Referenced  to  the  foil  area  the  tank  profile  drag  coefficient  becomes: 


Cprr5  4.9/ H  (tftC*) 


-  .o/4-prrt 


.ooojry/ 


(3.4-9) 


For  the  lower  6  ft.  of  the  strut  the  Reynolds  Number  range  Is: 
rtNx/o'+s  U***\*lt~*m  t0  (3.4-i 

/  Ci  w  Cr 


3.4  The  friction  coefficient  range  Is: 

(Cont'd) 

=  Q.*e>  (3.4-u) 

-<oozr$li  to  .oqi3$7Z~ 

which  may  be  written 

tOOOO  /' 

Cf-  ,OOllfl  +  1 - LU  (3.4-12) 

From  Equation  3.2-4  and  referenced  to  the  craft  foil  area  the  drag 
coefficient  for  the  lower  6  ft.  of  the  strut  Is: 


6*VP 

l 


XiJ+fLCf.  =.  ,<,207}?^ 


,ooo  omr?  r  i-i  4_m 

«  .oo/rrr^  t  - ? — cu  [  ' 

*30 

The  average  chord  for  the  upper  half  of  the  tank  strut  Is  13.5  ft.  and 
the  Reynolds  Number  range  Is: 


RHXIO 


U.077  ro  n.3f+ 


(3.4-14) 


The  friction  drag  coefficient  Is: 


-s.  ,00 1+7 U  to  .ooiisrsr 


*oo  ztrn  t 


,oooo75J7 


^30 


(3.4-15) 


Then  the  profile  drag  coefficient  for  the  upper  6.5  ft.  of  the  strut  Is: 

Sl  1  ^  55  '•"«  c+  - 


,0 O*///*  t 


(3.4-16) 
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3.4  and  the  total  tank  strut  profile  drag  coefficient  Is  the  sum  of 
(Cont'd)  Equations  3.4-13  and  3.4-16: 

c%  ~  *  003  75r/  Cu  (3.4-17) 

Referenced  to  the  craft  foil  area  the  tank  strut  spray  drag  employed 
Is: 

r  \'OSL 

~  JJ£+? 

-,00+i??t  (3.4-18) 

Note  here  that  the  .0036236  hull  spray  drag  coefficient  of  Equation 
3.3-16  of  Reference  17  applies  when  keel  kissing  but  the  larger  strut 
spray  drag  coefficient  Is  taken  here  as  characteristic  of  the  take  off. 

Through  the  take-off^the  fin  Reynolds  Number  range  Is: 


m  //o"‘=  -  -  foil}  to  is.ru  (3.4-19) 

and  the  Cf  range  is: 

Cpz  jj.H  t  trjC] 


■=.  'OOiotU  f0 

=  i#0 usort 

Then  from  Equation  3.2-9  the  fin  profile  drag  coefficient  Is: 


(3.4-20) 


—  ,GOO^O  Cfr 

*  .ooiwrt  :~8 

4 'l* 


(3.4-21) 
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Ml  69  TAKE  OFF  DRAG  POLAR 


PCH  C 


D: 


.01 6939-. 0031 9  C?  -  (.003  +  .0169C,  )  C.  +  .10203C? 

c30  L30  l  L 


Strut  CQ  :  .0037371  +  -00013877^ 

P  L30 


Strut  Cr 


■'Spray:  .0041881 


Fin  Cn  : 
UP 


.0015795  +  -00006503Cl 

Ci 

L30 


Tank  Cn  : 
UP 


.014985  +  'P-jP-891^ 

L30 


Tank 


-.002068 


.00364^  _  .0006811  c* 

C.  r  2 

30  So 


V 


.039361  - 


.00319C?  -  (.003  +  .01 69C.  -  ’ft—-3*-9  )  C, 


-30  30  *1 


30 


+  (.10203  -  •Pyffi1--)  C? 

CL 

L30 


For  L  «  117.79  L.T..C,  •  .43306 

*■30 


CD  -  .038763  -  .00054432CL  +  ,098398C£ 

FIGURE  3-20 
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Propulsion  and  Performance  -  The  propulsion 
system  on  the  PCH-1  Mod  1  consists  of  two  Proteus  PT  1273  gas  tur¬ 
bine  engines,  each  rated  at  4110  HP  at  maximum  power,  driving  two 
fixed  pitch  five  bladed  subcavitating  propellers  each.  The  trans¬ 
mission  consists  of  a  reduction  gear  box  integral  with  the  engine, 
a  disconnect  coupling  between  the  gear  box  and  the  strut,  upper 
and  lower  bevel  gear  boxes  in  the  strut  and  pod,  with  associated 
strut  and  Propeller  shafting.  Overall  gear  reduction  between  the 
engine  and  the  propeller  is  3.37:1.  The  propeller  operational  speed 
is  1500  RPM. 

The  propulsion  system  was  Investigated  In  various  degrees  of  detail, 
based  in  part  on  the  resource  information  available  from  DTNSRDC  and 
HYSTU. 

No  change  in  the  existing  Proteous  gas  turbine  engfne  Installation 
is  contemplated.  Performance  characteristics  are  combined  with  the 
propeller  and  are  presented  herein. 

Propeller  performance  has  been  estimated  from  PCH-1  Mod  1  fgilbome 
test  data,  supplied  by  HYSTU  and  DTNSRDC.  Although  there  are  res¬ 
ervations  about  the  accuracy  of  the  measured  data  (particularly 
thrust),  the  resultant  propeller  coefficients  and  efficiency  appear 
reasonable. 

1  Referencing  Section  5.0,  the  net  buoyancy  of  the  buoyancy/fuel 
tank  is  +  3.57  l.T.  In  the  full  fuel  foad  condition  and  -S.2S  L.T. 
with  the  fuel  transferred  out  of  the  tank  and  replaced  by  water 
ballast.  Figure  3-21  presents  one  way  of  varying  the  buoyancy  of 
the  tank  with  fuel  bum-off.  With  the  hull  fuel  burned  off  first, 
the  net  tank  buoyancy  of  +  3.57  L.T.  Is  constant  for  the  first  19.4 
L.T.  of  the  fuel  bum-off,  which  Is  the  total  usable  fuel  wtthln  the 
hull.  Hie  most  simplistic  way  of  representing  the  variation  of  tank 
'buoyancy  with  fuel  bum-off  Is  to  assume  a  linear  relationship  as 
shown  In  Figure  3-21. 

Assuming  the  linear  relationship  between  buoyancy  and  fuel  bum-off 
In  the  tank,  the  variation  of  dynamic  lift  with  fuel  burn-off  Is  also 
linear  and  Is  shown  In  Figure  3-22. 
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FIGURE  3-22 


3.5.1  Fuel  flow  characteristics  of  the  Proteus  engine  as  measured  in 

(Cont'd)  foilborne  tests  are  shown  in  Figure  3-23  as  a  function  of  propeller 
horsepower.  The  matched  fuel  flow  rates  and  ship  speeds  produce 
the  ship  specific  range  (SR)  characteristics,  as  shown  in  Figure 
3-24  where: 

SR  =  (V)  (2240)  ,  (N.M./L.  Ton  of  Fuel) 

W 

"f 

Where:  V  *  Ship  Speed,  (Knots) 

W^  *  Total  Fuel  Flow,  (Lbs. /Hr.) 

Total  maximum  range  of  Design  Ml 69  Is  obtained  by  Integration  of 
the  maximum  specific  range  vs.  usable  fuel  load  curves  of  Figure 
3-25  resulting  In  approximately  1100  N.MI.  of  range,  with  continuous 
fuel  transfer  at  the  engine  consumption  rate  after  the  hull  tank 
fuel  has  been  burned-off.  A  more  realistic  mode  of  operation  is  to 
transfer  fuel  In  discrete  steps  to  re-fill  the  hull  tanks  when  a 
minimum  level  «(  ~  3  L.Tons)  in  these  tanks  has  been  reached.  Complete 
fuel  transfer  can  be  accomplished  in  two  operations  as  indicated 
in  Figure  3-25.  The  corresponding  range  for  the  two  segment  discrete 
fuel  transfer  is  about  1070  N.MI.  The  lower  range  is  due  to  the 
higher  drag  (higher  dynamic  lift)  and  corresponding  lower  specific 
range  (SR)  throughout  the  operating  range. 

Figure  3-26  shows  the  dynamic  lift  required  as  a  function  of  usable 
fuel  on-board  for  the  two  methods  of  fuel  transfer  discussed  for 
Figure  3-25.  Dynamic  lift  decreases  with  fuel  burn-off  until  fuel 
Is  transferred  from  the  buoyancy/fuel  tank  to  the  hull,  at  which 
time  the  dynamic  lift  Increases  as  an  equal  volume  of  heavier  sea 
water  ballast  replaces  the  transferred  fuel.  The  manner  and  rate 
at  which  the  fuel  Is  transferred  will  affect  the  shape  of  the 
specific  range  vs.  fuel  load  curve  of  Figure  3-25  thus  changing  the 
total  absolute  range. 


f 
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.5.2 


Performance  -  Combining  the  hydrodynamic  and  propulsion  character¬ 
istics  presented  in  Sections  3.1  and  3. 9,  the  following  performance 
estimates  are  derived  for  the  Ml 69  design. 


The  deduced  propeller  coefficients  are  shown  in  Figures  3-27.  Be¬ 
cause  of  the  limited  data  available,  the  propeller  performance  is 
described  by  single  lines  for  K-j.  and  Kg  which  presumes  that  the 
propeller  is  completely  wetted  (subcavitated)  throughout  its  operating 
range.  The  validity  of  this  assumption  is  not  known,  and  should  be 
further  assessed.  Assuming,  however,  that  46  knots  was  the  limit  for 
fully  wetted  operation  of  PCH-1  Mod  1,  then  the  lowest  demonstrated 
local  blade  cavitation  number  is  7"e>  *  0.112.  Using  the  matched 
propeller  advance  ratios  for  Design  M169,  the  maximum  ship  speed 
for  cavitation  free  operation  of  the  propeller  is  estimated  to  be 
about  42  knots,  as  shown  in  Figure  3-28. 
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3.5.3  Propulsion  and  Performance  -  Reference  18  transforms  the  propeller  chart 
of  Figure  3-27  ■  Into  CT  -  Cp  form  to  eliminate  the 

necessity  for  graphic  or  computer  solution  of  the  propulsion  -  drag 
polar  match.  In  Cj  -  Cp  form  the  propeller  (nacelle)  map  is  related 
to  the  craft  drag  polar  by  the  power  polar  of  Figure  20  of  Reference 
18  which  has  the  equation: 


.  \]/+Cr  ~  2- 

Cp-'itstU- — - - Cr  +.110+1* 

r  y{Tt?T  -I 

where  Cp  ~  r/fAVri  (N  is  number  of  nacelles) 


(3.5-1) 


cr-  Tj 


-  sc. 

A  D 


7=  Cr/Cr 


RPM  characteristics  are  given  by  the  J-Cj  chart  of  Figure  29  of 
Reference  18.  The  RPM  characteristics  do  not  impact  Ml 69  performance 
in  any  way  and  are  not  presented  here. 


From  Equation  (45)  of  Reference  18  the  cruise  horsepower  requirement 
is  given  by: 


~  Cp  /z  +.09 1 

urktrc :  Cp-  % 

i+  C'fi+'r  ~ 0 

cr  s  z(,.jr?cp 
Cp  •  c0  +  cfc^  +c i  cu 

^  Cr/Cp  (3.5-2) 


Figure  3-29  depicts  the  propeller  cruise  efficiency  for  the 
Design  Ml 69. 
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Ml  CO  CRUISE  PPOPELLeft  ZTflClENCy 


3.5 .3  This  power  requirement  Is  shown  on  Figure  3-30  for  two  weights  for 
(Cont'd)  the  drag  polar  of  Figure  3-15.  Top  speeds  are  obtained  by  setting 
Equation  3.5-2  equal  to  the  power  available  and  are. shown  on  Figure 
3-31  over  a  range  of  dynamic  lifts  for  the  rated  maximum  and  continuous 
powers . 


Equations  (58)  -  (61)  of  Reference  18  give  the  M169  specific  range 
and  endurance  as: 


v/TTr  Cp° 


zrsr,l9  Cu 
t-jr  Cf}° 


(3.5-3) 


where  C ^  5.  3,lo t!(,  in/**’ 

cr  -  cL  r  ct 

cp*^r,zr}f6Crt,no+e. 

Figures  3-24  and  3-32  show  the  variation  of  specific  range  and 
endurance  with  speed  for  two  dynamic  lifts, and  the  variation  of  maximum 
specific  range  and  endurance  with  their  corresponding  craft  speeds 
over  a  range  of  dynamic  lifts.  The  maximum  endurance  speed  Is  the 
minimum  power  requirement  speed  and  the  minimum  power  stabilized  speed. 


Equation  (49)  of  Reference  18  gives  the  M169  take  off  margin  as: 

where: 

cr  =  =  4?-  t.wrt  cf+.notL. 

i-rGtt'O 

Cp  -  f'  C)  f-  cf  (for  t®k®  dr*9  polar) 

CL- 3.3 03*C.  Itr/vf 
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/w/£g>  top  bpee. 


D. 


3.5.3  Equation  3.5-4  Is  shown  on  Figure  3-33  as  a  function  of  dynamic 
(Cont'd)  lift  for  the  drag  polar  of  :F1gure  3-20 and  for  the  rated  continuous 
and  maximum  powers. 
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m/63  Tfitre  off  tMBGitl 


OiNAWiC  ut*r}L*  #•&  ^  VT 

FI6URE  3-33 
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Maneuverability  -  Accountability  for  the  effect  of  the  tank  upon 
the  PCH  turning  characteristics  required  the  derivation  of  a  set 
of  generalized  (partially  coordinated)  turn  equations.  That  deriva 
tion  and  a  discussion  of  the  general  implications  of  the  equations 
will  be  presented  In  Reference  19;  only  the  application  of  the  equa 
tlons  to  the  PCH  and  Ml 69  is  presented  here.  No  speed  equation  is 
employed. 

The  craft  axis  system  Is  employed  with  the  following  definition  for 
positive  values: 


Lift,  L  -  up 

Side  Force,  Y  -  to  starboard 
Pitch,  CL  -  bow  up 

Sideslip  Angle,  p  -  bow  to  starboard 
Roll,  Y  -  starboard  foil  down 

Pitching  Moment,  CM  -  bow  up 
Yawing  Moment,  Cn  -  bow  to  starboard 
Roll  Moment,  C1  -  starboard  foil  up 
Rudder  Angle,  ^  -  T.E.  to  port 

Lift  Flap  Angle, g  ,  -  T.  E.  down 
Aileron  Angle,  -  starboard  T.E.  down 

The  turning  (yaw)  rate,*)^.  Is  given  by: 

_  J£  __ 

~  fi  ~  J  H 

and  is  related  to  the  pitch  and  sideslip  rates  by: 


(3.6-1) 


(3.6-2) 


3.6  In  the  craft  axis  system  the  craft  hydrodynamic  loads  in  the  steady 
(Cont'd)  state  turn  are: 


Weight,  CL  =-  t  *^T  S*tlY 


Force,  Cy  s  5ii1  ^  <3‘ 


where: 


w-5  _  11222.  *££*£  3*9.75: 

Z>*)?7V}(e-K23?.fr  vK*  ( 

-  ,i+sr*>  0  +0  K*5, 

X.*-  L  w  -  J-  -  J 

$  /r  ~  i8?-*-/  /T  ~  <:ir.  4-rx  *r.ri  F{ 


(3.6-4) 


=  C  L  ML 


where  *  indicates  a  tank  increment. 


(3.6-5) 


Surfaces  displaced  from  the  C.G.  experience  an  induced  angle  of 
attack  defined  by: 

ao(=  i  -  ±  It'**  ~  *  j:s“irn 


(3.6-6) 


where  the  Increment  Is  positive  for  surfaces  aft  of  the  C.G. 


3.6 

(Cont’d) 


The  aft  foil  side  force  was  estimated  by: 


r 


5,"'r 


-  (*t  V 


-  £  +05 1)  *.0105}  +  . }t*7  <  .o+S  *3) 

s.  (>oo<t+}(,  t  77)  J 
^  ,oi Pit  x  J>  *+ ? s' 

-=i  .0LZ72 

The  strut  side  force  slopes  were  estimated  by: 

-  Zir^ 

“  /»£  +  «•'*  *e 

pvhcrr.  ft-  ^  z,i 


( 3.6-7) 


,_l±b/b_ 

ne  ~  It  it/b 

p  -foil  span  fwd 

foil  semi -span  was  employed  aft 


(3.6-8) 
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3.6  For  the  fwd.  strut,  the  corresponding  side  force  slope  is: 
(Cont'd.) 


it  yue 


I  + 


4-0  _ 

s.ur 


irr 

it0  zuf.tr+m 


(3.6-9A) 


-  A  >7 


y 


The  aft  strut  side  force  slope  is  ill -defined  and  approximately  the 
same  as  that  for  the  forward  strut. 


The  tank  strut  side  force  slope  is: 


zn'X.riT  _ 

MTLrx.r'TttJz,  ~ 


(3.6-9B) 


far 


Equation  3.6-8  Is  a  Hoerner  equation  which  described  the  FLAGSTAFF 
model  test  results  well .but  the  numerical  coefficient  of  the  denominator 
Is  empirical  and  the  wetted  strut  side  force  slope  should  be  measured. 
The  use  of  the  wetted  side  force  slope  Is,  Itself,  a  significant  limi¬ 
tation  upon  the  estimated  turn  performance  for  any  significant  strut 


3.6 

(Cont'd.)  Because  of  the  dihedral  angles:  of  the  PCH  aft  foil,  the  aileron  has 
a  rudder  action  given  by: 


,  (3.6-10) 

%•  '  Cl»',  >,a  r*~  Ct»r  ^c. 

sin  _  or7f7j 

r*  . 

Cj^t  -  SLYy~  -t7e+r<>o¥7*7J  --.OL147J 


where  Is  from  Equation  3. 7. 1-6  and  has  been  reduced  by 

the  flap  effectiveness  and  depth  effect. 


The  aft  "rudder"  has  the  slope  of  the  tank  fin,  taken  from  Equation  (92) 
of  Reference  17: 


-  ,£f5*tr 


(3.6-11) 
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3.6 

(Cont'd.)  The  tank  buoyancy  introduces  a  rolling  moment  described  by: 


#r  ?7"  £  (3.  12A) 

V 

£3  ^  Z  x  tsfl  5*/7 

~i.r*  e/ 


—  y7.»f~ 

'**• 


5</7  7^" 


No  foil  and  strut  buoyancy  rolling  moments  are  Included  here. 


The  tank  buoyancy  also  introduces  a  pitching  moment  described  by: 


(3.6-12B) 


_ 
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3.6 

(Cont'd.) 


Yaw  of  the  outboard  foil  panels  has  the  effect  of  a  positive 
aileron  displacement: 


Ilii  $  '  = 

.rjtr  99 


V/?  C 


(3.6-13) 


-  .oirzt7 


Yaw  of  the  Inboard  aft  foil  panels  has  the  effect  of  a  negative 
aileron  displacement: 

s  -5  V v  f3-6-'4) 

«wT *• 7< *eJ<n5 >c.re rp^  s,,i  />.“ 

-  -.»jr 7+l  pu 

Then  the  total  rolling  moment  produced  by  yaw  of  the  aft  foil  is: 

\p  ~  %  f  c)r  ~  C*i?ir>-'»sf7to)Pb. 

(3.6-15) 

-  '.°i7rt5(p-r^-coj, 
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3.6 


(Cont'd.)  The  five  turning  equations  are  summarized  on  Figures  3-34  through 
3-38.  Time  does  not  permit  exploration  of  the  pitch  and  speed 
effects,  and  the  equations  are  examined  only  for  a  pitch  of  one 
degree  and  a  speed  of  40  knots.  For  those  conditions,  the  PCH 
equations  become: 

(3.6-16) 

,  JO  is 'O  sm  irj'  cos  tT 

V oj  S,  0?5  %  -  stn  f.  cu7pf> 

J  1 

ASS}\p-.sjls?co$Tr-ft-tcX,347S  %  -  -./Wfffl  Si/b-T 

- vi*)W f  ~.o$?i‘r?co$r-£ t.oziyrrt'  =  -.ortffo  ^ 


The  turn  characteristics  are  established  by  the  lateral  equations; 
the  pitch  plane  then  provides  the  lift  flap  angles  required. 

i 

The  solutions  for  the  lateral  equations  are: 

p  *  ~.)t  ft-*-  sen  r'  t3-6-'7> 

ctiri  -+,ifiLi-  },n  r' 

i 1  *-.+nn  sin  r'  ■ 
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LIFT  EQUATION 

Fwd  Foil ,  Equation  3. 7. 2-1 : .  .cj,  -3St>2*'  %  +/»7f*7  +"*  UZl- 

Cl,  *  f-  Cj  -  3S$3rf-3S2>3rijf^**r^tl.7K>7%S,+**tt'l*t 

^^t&toL-.L+ottsin  r^t  .+7?o  f*t  -r.osrjs/ 

Aft  Foil,  Equation  3.7.1-10:*  6?  ~ 3^7^01^  f  -#% / 77S* 

r^-  c/ ^j,<h97r^<x t3, 9- f/r^ ^ s,* r-^tb p?**- ^s>+J7/r£±- 

®  t.rrotr s,r>  -r-jf  1 1>  Z3(>?^  ^,/^pp/’ 

Tank,  Reference  20:  - 

cLr*,+r6sro(-.o/i70r  bt~t+5ifc&-.on?or **  ryf  . 

^  *f  0. J  "f  C  —  Q.  CtfJ  r0"  t  Cy  S  t/7  7~ 

Cs,  +S7C>  t,  +&?£*)*  -rCl&Co  -  *  «//  ros^un  t .  97909$, 

+/.J3^p^t-./P^/=  ZZfy^C'sr^oHitJJT&^sinr^r 

cl<*  °t-crtqs,/nr$  +  Cl9,  *f  +Cl*l  K  *  *  £  «**  i,f7  ** 

;*79**  5,  r-0'+*K t.+firs'^)  a 

- ,/  e7z7+Cwft  tT^ 

*  INDICATES  INCREMENT  FOR  TANK. 


Figure  3-34 


PITCH  MOMENT  EQUATION 


Fwd.  Foil:  »  *  "jf 

-  ,0  +  often-.  +H-9+- 5 in  r-£  +.  3/030  $f  r. o37?t7 
Aft  Foil :  s  ~ 

-  -,?roi7&-.3/oO+Stn  r'^-, —,0+f3'2+ 

J 

Tank:'  ^/*?r  =  .0/170?  Ck  - .1  5 in 

C*B  ~  ** 

Cm  ,tQnlt  CfTjrtct^3  -O 

A 

f,  on  70s’*')  -fa  +$*+>  i  arr+^sin  r-fr  f 

t.3ioj  i(  ~'t36?cfk  oo7rt7  -O 
Crtati+ctr/t*'nr£  fCfi^  +  Crnji'  1  9%  £*"9** 

, jioj i-.+7on> h  =  Ci»t--°"r°s'*J«t.oo7r67-  '-&££ 

f  Cn*9r+'ts’pr+^)  s.n  y=j^ 


*  INDICATES  INCREMENT  FOR  TANK 


C 


Figure  3-35 


f  SIDE  FORCE  EQUATION 

Fwd.  Strut:  Cy^  -  /}  -  (p~  ^~Co> 

->no?+p  -ti3*t+x.ut7Tfe**  -r-% 

=  •Oeri'P  ~,o*+?s'l  ee$ 

Aft  Strut:  C*t  '  T^A  '«"**'•  9*r'^ *  tyC0S  *£) 

-,tifiurp  +Mt>rx'>2m*' e**  rjp 
p  t >o?L\7l>co* 

Aft  Foil:  <7^=  Cy0  ,OU7*>  (p  +  ^Co* 

~>ou7}p  t.  ou7*x  ,yrnr  c*>  -r^ff 
-  ,oU72  p  -t'ttvtr  w  r£ 

/ 

Tank:  Cf^+ftrCf  - ,0»7<>r CO 5 

Tank  Strut:  <V  r  2&~Cy^  - +7coS '*%)*•  f7**P~ 0GOC+I0S 

cls,  * c%+  ciF  +  % tC*n +%'*  +  \ */t  *  ^  ~ c7  c'3  r~  Cu  *•*  ^  j 

£  trO/  f , D6*r*)p  t£o#W -.  *7<?/ ~r-£  -  ,oU2f7J  $l 

t.isort +Wllin-CL»uit,*tft2 $e*3  ?£-  f* 

crfP-fyc”^t%i'+c*fniH+C/tis!r  =  crc*iir-ei  *•»  >" 

C^ran ,'»tos^)p-(.s/isr^,)y>of'^)e9s  r^~.o6)*rj  $ 

=  -,D0tt  sn  -.trsti  <*'-  -  'r 

Q\  *  INDICATES  INCREMENT  FOR  TANK 


Flgura  3-36 
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YAWING  MOMENT  EQUATION 


£v  $%- rp'rf+fab  *o 

^•A*rrrt  £  -g^f =.w/s» 

cn,  *  ,<?/--f-7r/  ^  -  ,or**»r  cos  -rj 
Cn^  =■  -,0t>&l7C  P  -,oXM?  coy  jr^jr 
5.  -,OZZUrp - ,0077} fO  coy  ^ 

=  >0117*? p~»ir?F+  coy  -T-ft 

C„  st  to6o6+&  p  ->oo766  ?4~  cos  iTri 

(-, oi jr+j-t- ,070+7$ P~  Copns 17+.  1666/$ coy  -r^j  +toz2,?sr?  $ ' 

*■  o*4~7fZ tJpto+ffi 

Cflfi  P  t  COS  Cfiy  %  =-\  Sfi 


*  INDICATES  INCREMENT  FOR  TANK 


Figure  3-37 
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ROLLING  MOMENT  EQUATION 


7*-  C,  +  y k%  +  %+c1r  +  %<  5 '  *  p %  S/T  + 

+  ctt*-5rtrT, 

where:  /jP~  hi/J  —  t  / 1  •  /  £ 

1T/J*  1^7 

Cfp  is  from  Equation  3.6-15 

<V  Is  from  Reference  20 

C)^/  is  from  Equation  3.7.1-11 

C)  is  from  Equation  3.6-12 
l8 

C  -  ,oio+7tp—  COi  r4f 

q' 

c£  *  ,/**75>  /»  -.003091#  oo>t4- 
Clrs  -  .o3tOUp~.ollii  c» 

fat  eart . !(,  tovf)P  -  fatofr-t.oirtrj^}  cat  i 

ffat.772-. 0H303 r-»745Ji  r-O 

c1p P t CV  «■« ^  +  *V *  VSt i*fC’t*in+C'e 

fait#r+,li+or*)P-C°'»*r7t.oirtes*)''i  r-% r./r**;' 

-  -(\0}<,77Z>~.oiM3*)ix-.o7*l}li,n  t  Pgf-*" 

£~ »  *  INDICATES  INCREMENT  FOR  TANK 


Figure  3*38 
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3.6 

(Cont'd.) 


The  fwd.  strut  sideslip  angle  and  the  rudder  angle  required  for  a 
zero  sideslip  angle  are  then  given  by: 


(3.6-18) 

p~  P  '  Co*  7"-^  -t  *4, ere 

~  +12/5"  sin  =0 

sin  r' 

for  the  arfr  strur 

(3.6-19) 

cos  ^Ucre  ^  *>  jr«*r 

-  ,v7jrr$n  -,znt>j  sin 

9*  *  tfosi!  sin  1* 

and  directly  from  Equation  3.6-17  the  rudder  angle  required  to  zero 
the  aileron  Is: 


JVjOl  sin 


+77?l- 


(3.6-20) 

,twr£/  Sin  IT 


Equations  3.6-18,  -19,  and  -20  comprise  the  definition  for  the 
coordinated  turn  and  provide  the  rudder  angle  required  to  coordinate 
the  turn  for  any  given  roll  angle.  Equation  3.6-17  describes  the 
angles  required  for  any  degree  of  partial  coordination. 
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3.6  For  the  coordinated  turn  rudder  angle,  the  Jin  of  Equation 
(Cont'd.) 

3.6-17  becomes: 


(3.6-20A) 

«,<,«>/£  x'.fw'*/  s<>»  irt . / ’■('it  anr' 

=*■  .  f-ort/  s«v?  y'' 

-j(-  =  ,■*<#•*/  r''- 

The  classic  solution  for  the  coordinated  turn  notes  that  the  roll 
angle  is  defined  by: 


.  „  __  _  y/yf: 

ivy*: 

j 

f<w?  ir  u  -  j-ru,  - 

/f  (3.6-20B) 

J--  !=.  lJ-  r.n  V 

/T  ■  vV  y'  *"  ' 

_  tj  7,7g  ^  ry,57^  __  A  , 

1  Ccrsrpu  ^  ro 

-  Ao^H  {a,n 

Since  the  craft  is  rotating  about  the  fixed  strut,  the  aft  strut, 
the  steerable  strut  must  be  set  to: 

\ 

(3. 6-200} 

5  =-yr  Co*  /"  =  ,  sen  Y' 

C 
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3.6 

(Cont'd.) 


Note  that  Equations  3.6-17,-18,  and  -19  also  contain  the  case  for 
zero  coordination,  the  flat  turn,  where  Equation  3.6-18  limits  the 
rudder  angle  to  that  for  strut  closure. 


The  solutions  for  the  pitch  equations  of  Equation  3.6-16  are: 

(3.6-21) 

J 

S,5  .mil  coi  ■/'-.IS7D*-  tIJTPe,  s,n  y^/j 

$  ^  .IlfoJ  /S"  >1  n 

which  may  be  written: 

(3.6-22) 

^  COSY'  +\>77?Z,  rmiT 

c  -  -  iivtn*  +  ,uroj  iTcos  <  q 

*  i  ' 


which  provides  the  trim  lift  flap  angles  for  any  roll  angle  at  any 
turn  radius,  including  the  cases  for  straight  flight  in  rolled  attitude, 
flat  ,  or  coordinated  turns. 


For  the  coordinated  turn  of  Equation  3.6-18,  Equation  3.6-22  becomes: 
79 +,17)11  col  ?*">  ,710)?  Sin  iTtan 
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3.6 

(Cont’d.) 


Taking  the  case  of  a  15  0  roll  angle  for  illustration,  the  turn 
performance  is: 


(3.6-24) 

*  .wSM  ran  /■>''=•  .tortr* 
j\  =■  j.iioiJ- —  s'ir.F^  fr, 

-  /.ts'f'-fl  =/, !>&>(, to? frxw-  7.ir&  Je/./iea. 


Summarizing  the  angles  required  and  evaluation  for  a  15*  roll 
angle: 


%  =-  .tors*/  sin  7^  (,too54~  Jcp 

=.  ,4-479/  -  .n+4-r  sin  i0**  -  —  l>UC>*Jep, 

h*° 

?z--0 

~  HZWf  Sin  T'T&ft  if*  H rJ7Z>t!  ceS  if' 

$t  =  ~,twt  stn-rtM i' tJtroi  r>ttr  -~.oime>  =  -i.9sira 

(3.6-25) 


Comparison  with  the  limiting  angles  of  Figure  349  indicates  that  the 
forward  flap  angle  requirement  will  be  Increased  by  hinge  line  cavi¬ 
tation. 


NOMINAL  ANGULAR  CAVITATION  LIMITS 
40  KNOTS 


1^,|  -  5 °  =  .08726,  FLAGSTAFF  model  ventilation  limit 

~  5*  ■  .08726,  FLAGSTAFF  model  ventelation  limit 

-.04363  *  -2%*££t£  3%  °  *  .061082,  Figure  3-48 

Lower  limit  is  effective  boundary.  Upper  limit  is  incipient  hinge 

boundary. 

|$7-  S-  ■  .06726,  Figure  3-49. 

Conservatively  set  at  Incipient  hinge  boundary,  port  or  starboard. 

-.04363  =  -214'^  2h°  «  .04363,  Figure  3-50. 

Lower  limit  is  Intersection  of  1.25X  and  602  chord  station  boundaries 
Upper  limit  is  measured  effective  boundary  for  hinge  line. 


Figure  3-39 
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3.6 

(Cont'd.) 


For  the  M169  with  fixed  tank  fin  and  at  40  knots  with  1*  of  pitch 
the  turn  equations  become: 


___ _ _  _  (3.6-26) 

700 f* $f  t . loss's* cos r'-.tsci t 

,*/*3  5,-  Aloi}  ^  -  %ooo*7?  f  sinr^ 

r  1,3*1+ f -Mite  cosY^- >*ls+7S^  ~  ->150?+$^  — >1*7  f?  sin  r* 

. t>ii?6+r  ->&S7  ccs  +.oti3fr$ 1  =  -.orr7trz  ^ 

->*&77 CCS  f  ,/sv£  =  ~>OiO+70  fr(  T . Q3S~$0C  s,r?  r~ 


having  the  solutions: 


l3-i"?7I 


- .i?79+~+,t79ii  cos  Tr+mi/  rant" cos 

T  ,UT*J  cos  tan  r~  cos  y'- 


l 

n 


*<(7  tT 

cosy£s  ,z,z*S  5  5  f.W  Sin  T* 

% 1 9  ~'tyor£  $n  t  ,+i+tr  sin  r 


3.6  For  this  case,  the  coordinated  turn  as  defined  at  the  fwd.  and 
(Cont'd. ) 

aft  struts  and  aileron  requires  a  rudder  angle  of: 


s  P~  Tcei 

*■  un 


(3.6-28) 


fore  £ 


(3.6-29) 


pr  pt 

$ff  5  t,o}z>r  9t/7  r" 


urktrt 


(3.6-30) 


g  1  ~  war, ft  ft**'*  tT*o 
*  Z.+JJ  Stff  7^ 


( 


3.6  The  PCH  has  hydrodynamic  loads  at  two  locations,  one  of  which  Is 

(Cont'd.)  steerable.  The  M169  has  hydrodynamic  loads  at  three  additional 


longitudinal  positions;  tank  forebody,  afterbody,  and  fin;  and 
can  only  provide  a  zero  yaw  for  one  position.  In  fact,  the 
result  Indicates  that  It  Is  desirable  to  make  the  rudder  angle  as 
large  as  possible.  '-The  limiting  angle  for  this  case  is  the  fwd. 
strut  yaw  angle  and  setting  that  angle- equal  to  5°s 

(3.6-31) 


p,  «■  .  0*71  bfi  —  sm  ir-  ,or7t(. 


The  coordinated  turn  for  this  case  would  provide: 


3.6 

(Cont'd.) 

J.  _  _f»/n  _  U7J5 X -  .  (3‘6'33* 

n  ~  ]fy/ *  ,z&r/f  t&n  r' 

~  ,0  7/ OJb  fo7  Y-  if* 


ft* \4~>o77sf  =  ?Z?,b7  ft, 

'~fr  *  ~  J~‘  L  V  97  dcpt/sec^ _ 

The  angles  corresponding  to  this  case  are: 


=-  .  OWM  t.l0v<>5>  sin  r*  =  .12997"  ~  7,0/0/  m  (3’6‘34) 

pt  -  -,0?7zO  ~  f 

Pi~  ,0/2/20— ,U?77  stn  0/702  ^  ^  —/o/or* 

$t  »  -  ,it794-t./79lf  cos  r't, eZC  t9J  t^n  < -h./inr?  sin  Trraon  y*" 

-  .  00*) III*  ~  ,7117* 

$z  *  -  t.ucos  cos  7^- ,  0077+20  r*n  y~-, oionf  sin  r~t*/t 

~  ->012277  =*  -,rotr° 

%  -,/sof&$^  t  ><hC+ir  Sin  7"~  ,o%2+rp  -57/rr^ 

Except  for  the  fwd.  strut  sideslip  angle  which  Indicates  a 
substantial  strut  load,  these  angles  present  no  problem. 

C 
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'***&+**!&* 9ftT*  • 


(  3.6 

(Cont'd.) 


Now  two  of  the  conditions  for  the  fully  coordinated  turn  can 
be  satisfied.  Presumably,  it  is  desirable  to  eliminate  the 
strut  load  for  structural  reasons  though,  in  fact,  aileron 
angles  still  load  the  aft  struts  and  the  autopilot  provides 
a  coordinated  turn  at  only  one  speed  without  speed  adaptation. 


Setting  the  two  strut  sideslip  angles  at  zero: 


p  ^  + 


(3.6-37) 

s' =>0*7  7?" 


,?o7i  tm-irtotOS*  -.irjr.Stt?  7 " 


p>\r  +  7’c” 


(3.6-38) 


here 


-JlMf 


»  yM)  9a  -MM*  -1*196  s.n  -T 


_  having  the  solutions: 

-  ,/}  ft?  sin  •f' 


(3.6-39) 


■=-  -  .mO  sin  =  —  hsoss' 


;  P?  \ 

■  >• v 


Pf:.-.- 


'  •:  ..i  *  *  .  •  '  , 


3.6 

(Cont'd) 


Now  the  turn  performance  becomes: 


(3.6-401  _ 

-ri  *• .  -.fiui-ifi  t.einjj  smr' 

-  Sin 

^  .  135 rY  ten  r ~  Ct  ,  U>n/  ran  r  w  co-t*tsr7 

Comparison  with  Equation  3.6-33  shows  that  a  heavy  penalty  Is  still 
being  paid  for  the  tank. 


For  a  15*  roll  angle  the  turn  characteristics  are: 

if  -  >0iH7/  -  I.oh-y  (3.M„ 

V  ‘  -.tfWVfsr  =•  -zuy 

Y~'  >ofCp  j  n -i7.*uf~  !U7  ft. 

-V''=/.6rff  vff=  i,?err  jc/ySeCi 

pr-  O 

n~  o 

$'  -  .Orts-V- ).H7/  0 
p-  ->0 \l}?5  -  -  ,7o$r7* 

Equations  3.6-25,  3.6-34,  and  3.6-41  are  compared  on  Figure  3-40 
which  Includes  an  Illustration  of  the  turn  performance  benefit 
available  by  loading  the  struts. 


87 


TURN  CHARACTERISTICS 

40  KNOTS 

'  -  1  * 

Rudder  Angle 


F In  Angle,  £& 

,  deg. 

Turn  £  ,  Foil  Base  Lengths 

Turn  Radius,  K 

.  ft. 

Turn  Rate,  y  ,  deg. /sec. 


Craft  Sideslip 


Fwd.  Strut  Sideslip, / 


Aft  Strut  Sides!  Ip,  A 


Aileron  Angle,  &  •»  deg. 


Fwd.  Flap  Angle, $,  ,  deg. 


Aft  Flap  Angle,  ,  deg. 


3.7(4) 


-1.5 


Ml  69 


CONTROLLED  FIN 


(2) 


2.8 


5 


5 


-5.3 


3.5(4) 


-1.3 


FIXED 
FIN  (3) 


8.0 


4 

7 

.6 

2. 

±  5 


2»s 


+3%, -2* 


NOTES;  (1)  Coordinated  turn 

(2)  Zero  strut  yaw 

(3)  Best  available  turn  for  angular  limitations 

(4)  Anticipate  about  2  •  Increase  for  hinge  line  cavitation 


FIGURE  3-40 


3.6 

(Cont'd.) 


Left  general  in  craft  speed  the  Ml 69  equations  for  one  degree 
of  pitch  become: 


,4-7 COSY'~- 


"(3.6-42) 


2 


} ioi  i,-.4-7or5$^  - 


.0II&4-  - 


,  f,  f,/7  y-jt 

-  ~v£  +,w  si  j,rt  r# 


<r*5  Js  ^ 

, -  ,0/9  77  ro  $r,sr  olOt/Ltf.  -,o74M, 


having  the  solutions: 


C 


(3.6-43) 

f?  ,  0^7 $f>  -,Tt  11*2  %fl  -  ^  5"?  IT 

cosr£^>ii$j3$n  -.nu  +  tj  r  r" 

t'^-.ftoPl^-UiMSr!  f  ZS^£fst/?y- 

-Ai*  til*  —  3  #  +  ~^5rZ05  ^  tz&H  st/nr^ 
*r  -1517?  -f  t  ^-,900^$^ 

One  important  consequence  of  these  solutions  is  the  relationship: 


(3.6-44) 


*»  PrPr-Z 


3.6 

(COnt'd.) 


That  Is,  the 


relationship  is  independent  of  speed. 


Equation  3.6-43  also  provides: 


(3.6-45) 


s  „ 


-r  -  \£!tj  f0r  o 


That  is,  a  fixed  ratio  between  the  rudder  and  aileron  angles  insures 
this  form  of  coordination. 

Other  consequences  of  Equation  3.6-43  are  shown  on  Fiaures  3-41 
thru  3-44.  Figure  3-41  presents  the  bank  anqle  reaulred  as  a 
function  of  turn  rate  for  three  speeds.  Turn  rate. is  limited  to  3 
or  4  degrees/sec.,  depending  upon  craft  speed,  by  aileron  cavitation.  ~r 
Figure  3-42  presents  turn  radius  as  a  function  of  turn  rate.  Fiqure 
3-43  presen ts^the  rudder  angle  requirement  as  a  function  of  turn  rate.. 
Flgure  3-44  presents  the  craft  sideslip  angles  and  fin  anales  of  attack. 
The  negative  craft  sideslip  angles  are  characteristic  of  fixed  aft 
strut  craft. 
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rum  mot  u 5  turn  rate. 


O  /HLeftOtt  4H6L£  ,  Y 

..  MlU? .  .. 

-  conmoL Lao-BiH. 


Pt-Pi  *o 


+o  xesm 


texts, 


O 

.9  LZ>  lb '£.0  1,9  3,1  3,6  A, O 

-  - 

TVfci  PflTC.  ,  7^  J&/SCC, 

FIGURE  3-42  .  M#  /<# 
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FOIL  LIFT  CHARACTERISTICS 


3.7.1  Aft  Foil-  The  aft  foil  dihedral  Increases  the  foil  loading  about  2% 
Inboard  and  1/2%  outboard  which  Is  not  significant  to  the  geometry 
and  environment  problems  presented  by  this  foil.  The  lift  character¬ 
istics  were  therefore  calculated  for  a  flat  foil;  strut  effect  and  fwd; 
foil/strut  Influence  were  neglected.  Time  constraints  required  neglect¬ 
ing  the  flap  span  gaps  at  mid-span  and  struts. 

The  spanwlse  load  distributions  were  calculated  by  methods  adapted  from 
References* 10,  11,  and  12.  There  are  simpler  ways  to  estimate  the  lift 
curve  slopes,  but  the  load  distributions  are  required  for  cavitation 
reasons.  DeYoung's  denotes  unit  deflection  of  a  full  chord  flap 
of  arbitrary  span  extent.  The  estimated  circulation  distributions  for 
pitch  lift,  lift  control  flap  lift,  and  aileron  lift  are  shown  In 
Figures  3-45  and  3-46.  The  circulations  Incorporate  a 

of  .8993  for  the  9%  16-series  section.  * 


The  plaplmetered  area  of  the  pitch  lift  distribution  of  Figure  3-46  • 

produced  a  pitch  lift  curve  slope  of: 

/  ♦ 

-  2A  f  1*™*  x.ma*  (3.7.1-1) 

*  '  4,170*9  C  0.07  2  9^*3. 

which  agrees  with  Figure  4  of  Reference  10. 


The  planlmetered  area  ofthe  Inboard,  panel  distribution  of  Figure  3-46 
produced  a  lift  curve  slope  of: 


2x  ?.fr59  x.137 18-  2.1619  -  0. 03 


(3. 7. 1-2) 


which  Is  K'3%  higher 'than  that  of  Figure  5  of  Reference  11. 


The  zero  lift  angle  for  the  16-309  section  Is  -2.024  degrees.  Taking 
the  outboard  foil  panels,  where  the  Incidence  Is  zero,  as  the  angular 
reference  for  the  foil.  Equations  3. 7. 1-1  and  3. 7. 1-2  Identify  the  residual 
lift  as: 


CL  r  O.OnVH*  1.01++  0.O3C7  * 

^  -  O.UbS 
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(3.7. 1-3) 


fF 


4*56?^  . 

5  « 


.  — •  H 


■>4^,  «.>, 


AFT  FOIL  CIRCULATION  DISTRIBUTION 


$FfiN 

ffltf/  urr 
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FIGURE  3-45 
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3.7.1 

(Cont'd) 


(3. 7. 1-3) 


For  the  .535  effectiveness  of  the  252  chord  flap  the  lift  control 
flap  lift  curve  slope  Is: 


CL  *  .535  x  4.1788=  2.2357  =  .03902/deg. 


(3. 7. 1-4) 


The  platilmetered  area  of  the  aileron  moment  distribution  of  Figure  3-47 
produced  a  moment  slope  of: 


c)  />,  *  A  I, 

=  7.659  x  .1041 
=  .7972 


(3. 7. 1-5) 


which  is  1 -1/22  higher  than  that  of  Figure  6  of  Reference  12  for  a  linear 
extrapolation  of  the  aspect  ratio  4  and  8  curves  of  that  figure,  and  1.32 

higher  than  the  result  provided  by  Equation  (CIO)  and  Table  C5  of  Refer - 
ence  12. 


=  2  x  7.659  x  .  19792  =  3.0317 


so  the  center  of  pressure  for  that  distribution  is: 


»  2 


;  •  7972 
3.0317 


.  5259 


(3. 7. 1-6) 


(3. 7. 1-7) 


For  the  .535  flap  effectiveness  the  rolling  moment  slope  of  Equation 
3. 7.1-5  Is: 


,  •  .535  x  .7972  =  .4265=  .00744ydeg. 


(3. 7. 1-8) 


From  Equations  3. 7. 1-1,  3. 7. 1-3,  and  3. 7. 1-4  the  Infinite  depth  lift 
curve  for  the  aft  foil  is: 


^  Cl*k*  (c‘K 


(3. 7. 1-9) 


3.7.1 

(Cont'd) 


=  .2155  +  4.1788  C(  +  2.2358 
=  .2155  +  4.1788  (  *  +  , 5350 $  ) 

=  .2155  +  .07293  {i9  +  .5350$*) 

=  2155  +  .07293^*+.  03902  g  * 

A  17.5%  lift  curve  slope  reduction  Is  employed  for  30-40  knots  at 
1  chord  depth  making  the  lift  curve: 

=  .1778  +  3.4475*  +  1  .8444  (3.7.1-10) 

=  .1778  +  .  06017**+.  03219  f  * 

=  .1778  +  3.4475  (*  +  .5350  f) 

=  .1778  +  .06017  .(»<*+  .5350^ 

where  is  measured  at  the  outboard  panels. 


With  the  17.5%  free  surface  reduction  the  rolling  moment  of  Equation 
3. 7. 1-8  becomes: 

C)  =  .3519  =  .006140/deg.  (3.7.1-11) 

‘ip*** 

c,  i  j. _  =•  -2‘-8— x-3-6-38  x  .3519=  .45066  x  .3519°) 

'  fSJ&  238.48  x  58.51 

*  .1586  *  •  Q02768^deg. 

The  lift  coefficient  distributions  corresponding  to  the  circulation 
distributions  of  Figure  3-46  are  shown  on  Figure  3-48. 

3.7.2  Forward  Foil  -  The  lift  curve  of  Equation  (3)  of  Reference  13  Is 
employed  here  for  the  forward  foil: 

CL  .  .2122  +  3.5935  (*  +  .4844  £  )  (3.7. 2-1) 

»  .2122  ♦  3. 5935*  +  1.7407  & 

=  .2122  +  .06271  +  .4844  ) 

=  -2122  +  .06271  o(  9  +  .03038  £  * 


The  local  lift  coefficient  maximum  and  mlnlmums  of  Equation  (4) 


of  Reference  13  are  employed  here  for  the  cavitation  characteristics: 


■.’/£)(  *  --'-ip 

*  Cl £/.  81. 


(3.7. 2-2) 
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3.8 


FOIL  CAVITATION 


3.8.1  Aft  Foil  -  The  Section  -  $  cavitation  corridor  is  defined  by 
Equation  3.3.8.4-16  of  Reference  15.  Previous  three  dimensional 
applications  of  that  equation  have  been  limited  to  flaps  of  practically 
full  span  and  time  does  not  permit  a  rigorous  exmaination  of  the 
distinctive  problems  presented  by  the  lift  distributions  of  Figures 
3-46  and  3-48.  ,  In  particular,  the  examination  here  is  limited 

to  the  mid  and  75%  span  stations  which  are  intuitively  considered  to 
present  the  critical  cavitation  problems. 


Equation  3.3.8.4-16  of  Reference  13  defines  thefrt-  %  corridor  as: 


r*4 


At  mid-span  the  section  lift  coefficient  due  to  pitch  is: 


:  1 

-  cL 

where: 

<*el  *  <**  +1.  OX  A 

I.  *  Incidence  for  mid- 

/  °-  1 .85 

(3. 8. 1-2) 


At  mid-span  the  section  lift  coefficient  due  to  lift  flap  deflection  Is: 

(3.8. 1-3) 


CCe\z 

With  Equations  3. 8. 1-2  and  3. 8. 1-3  the  three  dimensional  version  of 
Equation  3. 8. 1-1  for  the  mid-span  station,  where  the  ailerons  have  no 
Influence,  becomes:  ,  ( 

=  *-  j  igh-  ^  t [tty  £  i  ' 


-  1 


102 


3.8.1 

(Cont'd) 


The  16-309  section  parameters  of  Reference  14  and  the  planfonn 
parameters  of  section  3.7  of  this  report  are  summarized  In  Figure 
3-49  and  with  those  parameters  Equation  3. 8. 1-4  reduces  to:  (3. 8. 1-5) 

XL 8S+UbY.0u>nxUl$*£ 

t  Ufcx.dfror?  A °  03i:p[  ft  ° 

=  ^  £ . 0S4I3+  .11  i  2 7033 
- -049797  o<  5^)^ 

-  -.05-413 1 .0^35^^-, Ot97>7f^o(<>i^37'‘jt(^r+’ 


The  pressure  coefficient  Is  related  to  the  pitch  and  lift  flap  lift 
coefficients  by: 

5  =  1  +C^*) 


L/s 


=  I  |  2-41^  f 6.177$  4,0£>;>i7c(o+  a.C32/9S°) 
1  loao  v- 

=  1.43188  +  .14615#°+  .07819  ft  “ 


(3.8. 1-6) 


For  any  station  on  the  chord, Equations  3.8. 1-5  and  3 i8.1-6  provide 
the  lift  flap  angle  for  Incipient  cavitation  as  a  quadratic  function 
of  the  pitch  angle.  The  station  parameters  required  are  taken  from 
Table  3.3.8.4-V  of  Reference  14  and  are  presented  here  in 
Figure  3-49.  The  hinge  parameters  of  Table  3.3.8-4-V  have  been 
changed  to  reflect  the  experimental  susceptabllity  to  cavitation 
shown  in  Reference  14. 


The  cavitation  corridor  provided  by  Equations  3.8.1 -5  and  3.8.1 -6 
is  shown  on  Figure  3-50.  The  leading  edge  (L.E.)  and  hinge  line 
(752)  boundaries  are  expected  to  Indicate  Incipient  cavitation.  The 
only  effective  boundaries  of  Figure  3-  50  are  expected  to  be  the  60%  .. . 
and  70%  chord  boundaries,  however  the  stations  between  60%  and  1-1/4% 
chord  have  not  been  checked. 

The  speed  grid  of  Figure  3-50  is  from  Equation  3.7.1-10: 
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3.8.1 

(Cont'd) 


£l*ML  Z.P78  +M0nS  +  .OftQ 

$ 


* .  jopj:  _  5757J4 .  {.M9Z  C<  ’ 

=  1.3166  -  1.8692  a'  @  40  Knots 
*  6.6366  -  1.8692  @  30  Knots 


At  the  mid- semi -span  station  the  section  lift  coefficient  due  to  ailerc 
deflection  is: 


(3. 8. 1-8) 


The  section  lift  coefficients  of  Equations  3. 8. 1-2  and  3. 8. 1-3 
remain  the  same  In  form  though  the  Si/ u  ratios  change.  Equation 
3. 8. 1-4  remains  the  same  except  for  the  addition  of  the  term  of 
Equation  3. 8. 1-8.  Then  for  the  parameters  of  Pigure  349  the 
cavitation  at  the  755!  span  station  is  described  by: 
fT *  y-^158 -  2ft  jx.il-  X I.BSH.O? x , o(,on x i. on]  2L 


(3.8. 1-9) 


IU03  x  .ou>n  Xj.0x.oui>*' 

*  x.^r $  * 

=  yt. 05+18  +  . U  ,19777 

ofrff?  /  V  .ois^?(22f  {t . +  5^)  s’ 

-7-.  iS*<aZ.0l(rZ3  JX5CS7{^  +  5")  O  U<><4 


S*  -'tf.w 


-/T*  7- or y/ £+■.*/«.? 


-rrf  j 


The  result  is  indeterminate  without  some  constraint  upon  *  and  9~. 

The  turn  equations  provide  that  constraint  In  the  turn  but  here  the 
cavitation  boundaries  are  Illustrated  for  straight  and  level  flight  where 
<K  end  9  are  related  by  Equation  3. 8. 1-7. 
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3.8.1  For  a  flap  angle  related  to  the  craft  pitch,  Q£  ,  by: 
(Cont’d)  . 

3i.cir  -pr-S'Sisf-  -t.mz  ** 


Equation  3.8.1 -9  can  be  written: 

V  '  "  T"  + 

(3.8.1-10) 

and  for  a  one  degree  craft  pitch  and  a  1,000  psf  dynamic  lift 
loading  on  the  foil: 

f So 


Equation  3.8.1-11  is  shown  on  Figure  3-51  where  the  significance 
of  the  boundaries  is  inferred  from  the  section  experience  of 
Reference  14;  these  results  have  not  been  compared  with  the 
prototype  experience. 

3.8.2  Forward  Foil  -  The  PCH  prototype  cavitation  data  available  is  reviewed 
in  Reference  13  and  Figure  A31  of  that  reference  is  presented  here  as 
Figure  3-52.  The  theoretical  hinge  line  boundary  of  Reference  13  has 
been  revised  and  a  new  theoretical  leading  edge  boundary,  of  unidentified 
chord  station,  added  to  reflect  the  experimental  section  data  review  of 
Reference  14. 
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3.8.2  The  measured  effective  leading  edge  boundary  of  Figure  3-52  is  111- 

(Cont’d)  defined  by  the  data.  In  large  part  because  the  effect  of  moderate  leading 

edge  cavitation  Is  not  very  significant.  Nofl-f  combinations  in  the 
range  of  Figure  3-52  is  expected  to  produce  any  significant  leading 
edge  cavitation. 

The  experimental  hinge  line  boundary  of  Figure  3- 52  was  well  defined 
and  was  associated  with  substantial  lift  effects.  The  shape  of  that 
boundary,  however,  has  not  yet  been  accounted  for  by  any  creditable 
variation  on  the  cavitation  parameters  and  there  remains  a  possibility 
that  it  measures  structural  or  ventilation  effects. 

3.9  Transmission  -  The  analysis  of  the  transmission  system  was  primarily 
a  determination  of  the  bearing  lives  under  the  following  assumed 
operation  schedule: 


OPERATION  CONDITION 

TIME 

t 

ENGINE 

HP 

INPUT 

SHAFT  RPM 

INPUT  SHAFT 

TORGUE  LB  .-IN 

TAKE-OFF  +  HIGH  SPEED 

10 

4110 

4200 

61 ,700 

.  FOILBORNE 

CRUISE-MAX  RANGE 

70 

3600 

3859 

58,800 

IDLING 

20 

30 

673 

2,810 

The  results  of  the  bearing  analysis  are  contained  in  Appendix  'A*. 

The  four  critical  bearings  have  B-1Q  lives  of  less  than  1000  hours 
in  standard  steel .  The  use 

of  CEVM  material  will  Increase  their  life  three-fold,  thereby  pro¬ 
viding  a  reasonable  mean-time  between  failure  (MTBF).  It  Is  recommended 
that  these  bearings  be  replaced  by  ones  made  of  that  material. 

The  resulting  differences  between  the  conclusions  of  Appendix  *A' 
and  Reference  3  are  due  primarily  to  the  change  In  the  operations 
profile  to  that  shown  above,  which  Includes  the  Increased  thrust  re¬ 
quired  for  the  buoyancy/fuel  tank  Installation. 
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3.9 

(Cont'd) 


As  the  data  available  on  the  existing  transmission  shafting  and  gears 
was  incomplete, only  a  minimal  effort  could  be  expended  to  analyze  the 
components .  From  this  information,  it  is  presumed  that  these  components 
are  satisfactory  as  it  is  understood  that  an  analysis  was  performed 
prior  to  uprating  the  Proteus  engines. 

The  Investigation  into  the  transmission  spiral  bevel  gear  design  revealed 
that  the  gearsets  were  initially  designed  to  operate  at  the  engine  torque 
limit  of  61,700  lb.  In.  {4110  HP  9  4200  RPM)  to  the  upper  bevel  gearbox. 
Although  the  transmission  system  has  normally  operated  below  a  torque 
of  49,000  lb.  in.  (3900  HP  @  5000  RPM)  it  is  felt  that  the  Increase  to 
61,700  lb.  in.  for  short  periods  of  time  should  not  prove  detrimental  to 
the  bevel  gear  sets.  However,  the  disconnect  coupling  was  designed 
for  the  following  operating  conditions: 

Max  Load  20%  Time  49,000  lb.  in.-3900HP  9  5000  RPM 

Load  80%  Time  39,075  lb.  1n.-3100HP  9  5000  RPM 

Stall  Torgue  without  permanent  deformation  102,000  lb.  in. 

As  the  maximum  design  load  is  less  than  the  required  61,700  lb.  in. 
for  4110  HP  9  4200  RPM. it  will  be  necessary  to  replacd  or  redesign 
this  coupling,  if  the  coupling  information  available  truly  reflects 
the  actual  installation. 

Subsequent  to  the  foregoing  Investigation  It  has  been  ascertained  that 
OTNSRDC  (HYSTU)  has  initiated  a  comprehensive  analysis  of  the  PCH-1 
transmission  as  currently  Installed.  Upon  completion  and  review  of  the 
results  of  this  investigation.  Its  Impact  uoot)  Desian  M169  will  be 
assessed. 
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SECTION  4 


WEIGHT  AND  STABILITY 


4.0  The  baseline  condition  of  the  existing  PCH-1  Mod  1  was  derived 
from  the  weight  statement  dated  2-15-73,  Boeing  Document  D-311- 
18000-1,  reproduced  herein  as  Figure  4-1.  One  objective  of  the 
investigation  was  to  establish  a  new  Light  Ship  weight  and  intact 
stability  which  would  include  the  addition  of  the  buoyancy/fuel 
tank  and  its  associated  systems. 

4.1  Weight  -  The  final  estimate  of  22.2  long  tons  for  the  tank,  its 
subsystems  and  associated  attachment  hardware,  7.2  long  tons 

for  the  B/F  tank  support  strut,  and  9.68  long  tons  for  hull  modifi¬ 
cations  result  in  a  new  Light  Ship  weight  of  146.96  long  tons 
against  the  107.38  long  tons  for  the  existing  PCH-1  as  shown  in 
Reference  26.  The  revised  weight  summary  is  shown  in  Figure  4-2. 
Tank  weight  calculations  are  detailed  in  Reference  26. 

It  is  to  be  noted  that  1.39  tons  of  armament  have  been  deleted 
from  Figure  4-2  in  ordeT  to  partially  compensate  for  the  weight 
of  the  added  structure.  Additional  load  reductions  will  be  re¬ 
quired  to  meet  the  dynamic  lift  requirements  for  satisfactory 
performance . 

4.2  Stability 

4.2.1  Intact  Stability  -  The  addition  of  a  positively  buoyant  body  under 
the  hull  of  the  PCH-1  Mod  1  will  detract  from  the  vessel's  intact 
stability.  Design  M169,  with  its  longer  range,  is  likely  to  be  sub¬ 
jected  to  unplanned  heavy  weather  during  its  full  scale  trials; 
therefore,  the  safety  of  the  ship  and  crew  must  be  paramount  in  set¬ 
ting  the  limits  for  the  allowable  positive  buoyancy  of  the  fuel  tank. 


4.2.1 

(Cont'd) 


In  Navy  Design  Data  Sheet  079-1,  "Stability  and  Buoyancy  of  U.S. 

Naval  Surface  Ships".  The  design  requirement  Is  that  the  ship  be 
capable  of  meeting  the  gradient  80  knot  beam  wind  criteria  of  this  docu¬ 
ment.  The  detailed  calculations  are  described  In  Reference  27. 

Results  of  the  Intact  stability  Investigation,  which  was  performed 
using  an  assumed  tank  structural  and  subsystem  weight  of  29.9  long 
tons.  Indicate  that  the  upper  limit  of  net  tank  buoyancy,  with  the  - 
PCH-1  Mod  1  In  Minimum  Operating  Condition,  Is  about  14.82  long  tons. 
With  the  ship  In  Full  Load  Condition,  It  Is  about  IS. 82  long  tons. 

In  order  to  simplify  the  design  of  the  fuel  and  ballast  system.  It 
Is  recowncnded  that  the  11. 82 ton  buoyancy  limit  be  established  as  the 
the  design  requirement  for  any  condition  of  ship  loading,  thereby 
eliminating  the  possibility  of  unsafe  ballast  conditions  as  a  result 
of  system  malfunction  or  operator  error. 

As  the  wind  velocity  In  which  the  craft  will  remain  stable  Is  a 
function  of  the  amount  of  liquid  remaining  In  the  buoyancy/ fuel  tank. 
Figure  4-3  Is  presented  to  Indicate  this  relationship.  However, 
this  curve  may  also  vary  considerably  due  to  the  location  of  the 
craft's  V.C.G.  and  should  not  be  Interpreted,  therefore,  as  per- 
mlssable  operating  conditions. 

4.2.2  Damaged  Stability  -  The  damaged  stability  of  the  Design  M169  was 
investigated' for  56  conditions  of  flooding.  -  From -this  review,  it 
is  apparent  that  the  craft  is  more  susceptible  te  stability  problems 
when  flooded  aft  than  forward. 
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SECTION  5 


BUOYANCY/FUEL  TANK 


5.0  General  Description  -  The  buoyancy/ fuel  tank  is  a  body  of  revolution 
with  tapered  ends  supported  by  the  B/F  tank  support  strut  below  the 
existing  forward  and  aft  foil  systems.  The  tank  .is  sub-divided  into 
six  fuel/ballast  cells,  five  buoyancy,,  and  one  steering  gear  comoart- 
ment  as  shown  on  Figure  5-1.  The  outside  diameter  of  the  tank  is  six 
feet  and  the  overall  length-  i-s  100  feet  of  which  63'-l"  is  the 
parallel  midbody.  The  forebody  shape  was  specified  by  DTNSRDC  ltr. 
1159:JRM  3910  dated.  2  Sept.  1981. 

The  fuel /ballast  cells  are  each  fitted  with  a  diaphragm  separating  the 
two  mediums  to  prevent  fuel  contamination. 

5.1  Capacitites  -  The  estimated  total  volume  of  displacement  of  the  buoy¬ 
ancy/fuel  tank  is  2194  cubic  feet,  or  68.39  long  tons.  Of  this.  38i51 
long  tons  has  been  identified  as  usable  diesel  fuel.  It  is  estimated 
that  fully  loaded  with  diesel  fuel,  the  tank  will  provide  approximately 
3.57  tons  of  positive  buoyancy,  well  below  the  11 .82  critical  for 
stability  purposes.  (See  Section  4.2).  In  the  event  that  JP-5  fuel 
Is  used,  the  buoyancy  would  then  be  increased  by  1.01  tons  to  4.58 
tons.  For  conservatism,  the  3,57  tons  has  been  used  for  the  stability 
calculations  in  Reference  27. 


In  the  fully  ballasted  condition,  the  cells  have  an  equivalent  ca-  . 
Paclty  of  49.63  tons  of  sea  water  which  results  in  the  tank  having 
approximately  p.25  ions  of  negative  buoyancy.  This  Is  offset,  how¬ 
ever,  by  the  assumption  that  the  hull  fuel  of  approximately  20  tons 
Is  being  burned  off,  resulting  in  a  net  decrease  In  dynamic  lift 
requirements. 

The  derivation  of  the  capacities  of  the  individual  tanks  Is  presented 
In  Figure  5-2 .and  the  relationship  between  dynamHc  lift  and  buoyancy 
for  two  conditions  is  given  in  Figure  5-3. 
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BUOYANCY/FUEL  TANK  CAPACITIES 


TANK  CAPACITIES  -  BUOYANCY 


TOTAL  DISPLACEMENT  SW  68.39  LT. 

VOLUME  OF  DISPLACEMENT  2393.66  FT3 


BUOYANCY/WEIGHT: 


Full  Fuel  Full  Ballast 
Condition  Condition 

Tank  Weight 
Unusable  Fuel 
Permanent  Ballast 
Usable  Fuel 
Net  Ballast 


22.20  LT  22.20  LT 

1.81  1.81 
2.30 
38. SI 

49.63 


Total  Weight  64.82  73.64 

Net  Buoyancy  ♦  3.57  -5.2S 


TANK  CAPACITY  DERIVATION 
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SHIP  -  FULL  LOAD  CONDITION  «D' 


WT 

KG 

MOM 

SHIP 

140.29 

6.24 

876.07 

B/F  TANK  (EMPTY) 

22.20 

-15.50 

-344.10 

STRUT 

7.70 

-6.18 

-47.59 

170.19  L.T. 

2.85 

484.38  FT  T 

FOIL  SYSTEM  BUOYANCY 

4.28 

-12.00 

51.36 

TANK  BUOYANCY 

68.39 

-15.50 

-1060.05 

STRUT  BUOYANCY 

1.23 

-10.00 

-12.30 

73.90 

-rl3.il 

-1020.99 

DYNAMIC  LIFT 

W/EMPTY  TANK  96.29  LT 

W/FULL  FUEL  (42.62T)  138.91 

W/FULL  BALLAST  (51.44T)  147.73 


BUOYANCY/FUEL  TANK- LIFT  4  BUOYANCY 
FIGURE  5-3  SH  1 


r 
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SHIP-MINIMUM  OPERATING  CONDITION  >B' 

WT  KG  MOM 


SHIP 

127.25 

6.51' 

828.81  FT,  T. 

B/FTANK  (EMPTY) 

22.20 

-15.50' 

-  344.10 

STRUT 

7.70 

-  6.18' 

-  47.59 

157.15  LT 

2.78' 

437.12  FT.  T 

BUOYANCIES  (  FROM  CONDITION 

•D») 

♦  73.90  L.T. 

DYNAMIC  LIFT 

W/EMPTY  TANK 

83.25  L.T. 

W/FULL  FUEL 

(42.62  L.T.) 

125.87 

W/FULL  BALLAST 

(51.44  LT) 

134.69 

FIGURE  5-5  SH  2 
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5.1  Prior  to  the  decision  to  utilize  the  dlaphragn  method  of  liquid 
(Cont'd)  separation,  other  bladder  Installations  were  examined  and  rejected 

as  noted  In  Section  5.7.  Also,  the  use  of  segregated  tanks  was 
Investigated  with  the  following  conclusions,  among  others: 

(a)  The  gross  fuel  capacity  would  have  been  reduced  to 
approximately  23  tons. 

(b)  Fuel  cells  would  have  required  a  vent  line,  as  well  as 
fill  and  suction  line. 

(c)  Ballast  cells  would  have  required  that  a  fill  and  dis¬ 
charge  system  be  developed,  probably  requiring  additional 
lines  between  hull  and  tank. 

(d)  Buoyancy  could  have  exceeded  the  limit  dictated  by 
stability. 

(e)  Free  surface  would  have  had  an  adverse  effect  on  stability. 

In  light  of  the  foregoing,  which  appeared  to  adversely  affect  cost 
and  Installation,  It  was  decided  to  use  the  diaphragm  method  of 
separation. 

5.2  Access  -  Access  to  the  tank  compartments  Is  provided  thru  flush 
bolted  plates  on  the  tank  side  at  each  of  the  three  mid-tank  buoyancy 
spaces.  From  these  buoyancy  voids,  manholes  In  the  transverse  bulk¬ 
heads  provide  access  to  both  the  fuel  and  ballast  cells  above  and 
below  the  diaphragm. 

Access  to  the  nose  and  tall  cone  Is  provided  by  physically  removing 
the  cones  from  the  tank. 


5.3  Loads  -  The  primary  loads  for  the  analysis  of  the  tank  and 
attachment  fittings  were  provided  by  DTNSRDC  letter  Reference  9, 
and  as  modified  by  Reference  23. 

As  noted  in  the  references,  the  applied  loads  for  the  PCH-1 
were  derived  from  both  model  tests,  and  simulation  runs.  The  model 
used  was  a  1/20  scale  model  of  a  tank  attached  to  the  hull  of  a  PHM 
In  a  manner  similar  to  that  utilized  In  the  M169  design.  This 
model  Is  described  In  Figure  5-4.  The  data  obtained  from  the  test 
runs  was  analyzed.  Reference  22,  and  significant  results  converted 
to  corresponding  loads  for  the  PCH.  Further  analytical  work  was 
performed  by  Grumman,  Reference  25,  to  provide  the  loads  used  in 
the  detail  design  phase. 

Design  loads  on  the  tank -and  attachment  fittings  are  given  in  Ref.  25, 
and  are  the  values  recorded  during  the  simulation  runs  noted 
therein.  Maximum  Internal  loads  are  developed  by  the  sea 
water  ram  pressue  at  V  of  40  knots.  Section  6.1.1,  and  It  Is 
for  these  loads  that  the  tank  bulkheads  are  designed.  The  tank 
shell,  subject  to  both  Internal  and  external  loads.  Is,  however, 
designed  for  the  combined  load  which  Induces  the  highest  stress 
level  In  the  plating. 

The  aft  foil/tank  attachment  fitting  is  capable  of  taking  vertical 
and  side  loads  only. 

The  existing  aft  struts  were  anlayzed  by  the  moment  distribution 
method  for  the  combined  effects  of  the  lift  load  plus  the  side  load  " 
of  the  buoyancy/ fuel  tank.  In  this  condition,  the  maximum  stress 
occurs  In  the  foil  at  the  Intersection  with  the  strut  and  Is  In  the 
range  of  66,000  psl.  As  the  foil  In  this  area  Is  fabricated  of  HY  130 
steel,  Tsatfsfactory  factor  of  safety  of  2.89  exists  In  this  condlton. 

5.4  Material  -  The  meterlal  selected  for  the  structural  portions  of  the 
tank  Is  HY-80  or  equivalent  steel.  This  material  has  excellent 
fabrication  properties  and  Is  currently  readily  available.  To 
accomodate  the  loads  with  minimum  weight,  the  strut  Is  proposed  to 
be  fabricated  from  HY  100  steel .  Properties  from  Reference  7  are 
as  follows: 
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HY  80 


HY 100 


5.4 

(Cont'd) 


Tensile  Strength  -  Ultimate 
Tensile  Strength  -  Yield  0.2 % 
Elongation  In  2  Inches 
Fatigue  Strength  N  «  105  (Sea 
Water-  Smooth  Specimen)  R  *  -1.0 


104,600  psl 
87,650  psl 
28% 

49,400  psl 


116,400  psl 
101 ,200  psl 
23% 

50,800  psl 


5.5  Structural  Arrangement  -  The  structural  arrangement  of  the  buoyancy/ 
fuel  tank  Is  shown  on  Figure  5-1.  The  tank  shell  Is  a  body  of  revolu¬ 
tion  six  feet  In  diameter,  stiffened  by  transverse  bulkheads  spaced 
a  maximum  of  12*  -1"  feet  apart  to  form  the  fuel /ballast  compartments. 


Calculations  for  the  derivation  of  scantlings  for  the  tank  are 
contained  in  Reference  28.  • 

The  nose  cone  Is  a  separate  unit  of  molded  fiberglass  bolted 
directly  to  the  tank  shell. 

The  afterbody  Is  fabricated  with  a  removable  section  to  facilitate 
assembly.  This  section,  of  molded  fiber-glass.  Is  mounted  In  a 
manner  similar  to  the  nose  cone. 

Except  for  the  mechanical  manhole  and  cone  fasteners,  the  entire 
tank  Is  to  be  welded  In  accordance  with  Specification  MIL-  STD- 1688 (SH). 
Weld  joint  design  is  to  be  in  accordance  with  MIL-STD-0022C(SH) . 

be  In  accordance  with  MIL-STD-0022C(SH). 

5.6  The  B/F  tank  Is  permamently  attached  to,  and  supported  by  a  single 
center  line  strut.  Figure  5-5.  It  Is  fabricated  from  HY100  steel 
with  a  constant  WCA1 6-012  section  up  to  the  knuckle  from  whence 
It  tapers  to  a  NACA- 16-010  section  at  the  hull  Interface.  Primary 
load  beams  are  carried  thru  the  tank  shell  and  welded  to  bulkheads. 
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5.7  Support  and  Detachment  -  The  method  of  supporting  and  detaching 

the  tank  consists  of  bolting  two  mating  flanges,  one  on  the  B/F  tank 
strut  and  the  other  on  the  hull  reinforcement. 


5.7.1  Forward  Strut  -  The  forward  strut,  which  Is  steerable,  will  have  no 
connection  whatsoever  to  the  new  buoyancy/ fuel  tank. 

5.7.2  Aft  Foil  -  The  attachment  of  the  tank  to  the  existing  aft  foil  is 
designed  to  take  side  and  vertical  loads  only.  The  fitting  consists 
of  a  tapered  foil  male  section  welded  to  the  underside  of  the  foil 
which  mates  loosely  with  its  female  counterpart  on  the  top  of  the 
B/F  tank  afterbody. 

5.7.3  Added  Rudder,  Aft  -  Additional  rudder  and  horizontal  stabilizers 
are  to  be  installed  on  the  aft  end  of  the  B/F  tank  as  shown  on 
Figures  5-1  and  8-1. 

5.7.4  Installation  -  Installation  of  the  tank  to  the  craft  may  be 
accomplished  with  the  craft  on  high  stands,  or  In  drydock. 

Inasmuch  as  the  existing  high  stands  must  be  modified,  or  new  one 
provided  in  order  to  make  the  Initial  fit  and  installation.  It  Is 
believed  that  they  could  also  be  utilized  for  detachment  purposes. 


PAGE  INTENTIONALLY  LEFT  BLANK. 


By  retracting  the  struts,  added  clearance  will  be  provided  for 
Installing  or  removing  the  tank  from  beneath  the  hull. 


Diaphragms  -  Each  fuel/ballastcompartment  Is  fitted  with  a  horizontal 
flexible  diaphragm  at  approximately  the  mid-point  of  the  compartment. 
An  oil-tight  seal  Is  provided  around  the  periphery  to  prevent  contam¬ 
ination  of  the  fuel  by  the  sea  water  ballast  by  clamping  the  diaphragm 
between  two  flat  bars,  one  of  which  Is  welded  to  the  tank  structure. 
During  operation,  the  diaphragm  Is  pressurized  on  one  side  by  either 
fuel  or  sea  water,  and  the  flexibility  of  the  diaphragm  displaces  the 
liquid  on  the  opposite  side.  Figure  5-6  depicts  the  typical  arrange¬ 
ment  of  the  diaphragm.  The  diaphragm  material  Is  non-self-sealing, 
fabricated  of  nylon  reinforced  nitrile  rubber  composition.  In  general 
accordance  with  Specification  MIL-T-6396. 

Prior  to  the  selection  of  the  diaphragm  method  of  segregating  liquid » 
within  the  cells,  alternate  methods  had  been  Investigated  and 
discarded  as  being  more  complicated  or  expensive.  These  would  be 
the  use  of  complete  bladders  within  the  cells,  either  with  or  without 
diaphragms.  In  the  first  Instance,  fuel  mould  be  contained  in  the 
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MOTES 

1.  DIAPHRAGMS  TO  BE  BBSISTAJtT  TO  DIESEL  OIL,  JP-5,  AMD  SEA  MATES. . 

2.  DIAPHRAGMS  TO  BE  HYLOM  REINFORCED  HEOPREKE  CE  EQ. 

3.  MAX  PRESSURE  OS  DIAPHRAGMS  TO  BE  40  PSI  FROM  BALLAST  NATES  BAM  PRESSURE 

4.  DIAPHRAGMS  TO  BE  SUITABLY  BEH3FCBCED  AT  MOUSTING  &  FOID  POINTS. 


TYPICAL  DIAPHSAGM  ISSTALIATICR 


5.8 

(Cont'd) 

1 

In  the  second  case,  fuel  would  be  contained  within  the  bladder  and 
ballast  water  outside.  Consultation  with  potential  fabricators 
confirmed  that,  due  to  the  amount  of  bladder  material  to  be  folded, 
the  quantity  of  unusable  fuel  contained  In  the  folds  would  be 
Increased  over  that  anticipated  with  only  the  diaphragm. 


upper  half  and  sea  water  ballast  In  the  lower.  This  would  have, 
however,  required  pipe  connection  Inserts  in  the  bladder,  and  would 
have  created  Inaccessible  voids  between  the  tank  shell  and  the 
bladder. 


( 
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SECTION  6 


FLUID  SYSTEMS 


6.0  Fluid  Systems  Description  -  The  modifications  to  the  existing  fluid 

systems  to  satisfy  the  requirements  of  the  buoyancy/fuel  tank  have  been 
kept  to  a  minimum.  Systems  which  would  be  affected  are: 

Fuel  System  Section  6.1 

Ballast  System  Section  6.2 

Compressed  Air  System  Section  6.3 

Hydraulic  System  Section  6.4 

The  initial  charge  of  sea  water  ballast  is  obtained  by  launching 
the  craft,  which  must  be  properly  controlled  to  preclude  developing  an 
unstable  condition.  The  static  head  of  water,  approximately  9.0  psi, 
entering  through  Intakes  in  the  nose  and  tail  cones,  will  force  the  dia¬ 
phragms  up,  expelling  the  air  trapped  in  the  ballast  cavity  but  thru  the 
small  vent  holes  in  the  tank  shell  side.  At  the  same  time,  the  fuel  fill 
lines  must  be  opened  to  provide  an  atmospheric  vent  for  the  fuel  cells. 
Conversely,  fueling  under  pressure.  In  excess  of  the  9.0  psi  sea  water 
static  head,  will  displace  the  ballast  water  and  fill  the  fuel  cells. 

Any  air  remaining  in  the  fuel  cells  wi^l  be  trapped  at  the  top  of  the 
tank,  and  will  presumably  be  expelled  during  the  subsequent  fuel  transfer 
operation. 

Pressure  fueling  should  not  exceed  40  psi  to  preclude  rupturing  the 
tank  shell. 

Fuel  transfer  from  the  fuel  cells  in  the  buoyancy/fuel  tank  to  the 
hull  tanks  Is  accomplished  thru  selective  valving  and  interconnecting 
piping  within  the  hull.  High  level  float  switches  Installed  In  the  hull 
tanks  would  control  the  flow  from  the  submerged  tank.  A  reverse  trans¬ 
fer  from  the  hull  to  the  buoyancy/fuel  tank  may  also  be  accomplished  by 
utilizing  a  connection  to  the  new  15  GPM  transfer  pump. 

6.1  Fuel  System  -  The  fuel  system  proposed  for  the  Extended  Performance 
Hydrofoil  Program  PCH-1  demonstrator  is  schematically  represented  on 
Figure  6-1.  Fueling  of  the  six  cells  in  the  buoyancy/fuel  tank  Is 

accomplished  by  using  the  existing  ships  fueling  station.  To  preclude 
over-pressurizing  the  B/F  tank  cells,  a  regulator  Is  Installed  in  the 
fuel  line. 
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6.1  Transfer  of  the  fuel  from  the  B/F  tank  cells  to  the  hull  fuel 
(Cont'd)  tanks  is  accomplished  by  utilizing  the  ram  pressure  effect  while  foil- 

borne,  or  a  combination  of  static  head  and  booster  pump  for  hullbome 
transfer. 

Each  fuel  cell  is  served  by  an  independent  fill/discharge  line 
which  are  manifolded  together  in  the  management  station  area. 

The  primary  additional  fuel  system  components  and  functions  are 
as  follows: 

o  Fuel  Management  manifold  located  in  the  hull  tp  provide  for 
selecting  individual  or  any  combination  of  fuel  cell  transfer 
functions. 

o  Compressed  air  valves  and  flexible  hoses  to  regulate  air  flow 
to  each  fuel  cell  for  ballast  blowing. 

o  A  relief  valve  in  the  fuel  transfer  system  to  prevent  overpres¬ 
surizing  the  fuel  cells  and  diaphragms  due  to  thermal  or  atmos¬ 
pheric  expansion  or  other  contingencies. 

o  A  transfer  pump  which  may  be  used  to  fuel  or  defuel  the  B/F  tank 
hull  borne. 

o  Fuel  flowmeters  which  may  be  used  to  determine  fuel  flow  rate 
and/or  fuel  quantity  to  and  from  each  cell. 

o  Two  motor  operated  gate  valves  for  selective  fueling  to  the 
ship's  system  fuel  tank  No.  1  or  tank  No.  2.  These  two  valves 
will  also  be  controlled  by  high  level  float  switches  located 
in  the  ship's  fuel  tanks  to  prevent  overfilling  of  the  ship's 
fuel  tanks. 

o  Fuel  pressure  gage  for  monitoring  the  fuel  transfer  pressure. 

Figures  6-2  through  6-5  depict  the  fuel  management  system  in  four 
modes,  it  Is  to  be  noted  that  a  new  15  GPM  transfer  pump  Is  Incorporated 
into  the  modified  system  to  permit  hullborne  fuel  transfer  without 
utilizing  the  existing  fuel  booster  pumps. 

Suction  Inlets  are  located  as  close  to  the  top  of  the  cells  as 
possible  to  minimize  the  amount  of  trapped  air. 

6.1.1  Fuel  Transfer  Analysis  -  Figures  6-6  and  6-7  Include  the  current  piping 
configuration  and  present  dockside  fueling  rates  as  well  as  follborne 
transfer.  Cells  1  and  6  have  been  selected  for  this  analysis  as  they  have 
the  longest  piping  runs  and  thus  represent  the  worst  case.  For  one  or 
both  cells  as  shown,  the  time  to  completely  defuel  at  40  knots  would  be 
approximately  30  minutes.  Although  the  remaining  tanks  have  shorter 
piping  runs  and  thus  less  resistance  they  also  have  higher  capacities 
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6.1.1  therefore  requiring  approximately  the  same  time  to  effect  a  fuel 
(Cont'd)  transfer  to  the  hull  tanks.  The  flow  rates  are  slightly  less  than 
previously  indicated  due  to  the  fact  that  the  size  and  length  of 
piping  is  based  on  the  revised  piping  as  listed  on  Figure  6-8. 

In  addition,  the  pressure  drops  for  the  1-1/2"  flow  meters, 
disconnect  couplings,  and  2-1/2"  pressure  regulators  were  taken 
directly  from  the  vendor  supplied  curves  and  applied  to  each  calcula¬ 
tion. 

From  the  preceding  information  the  total  pressure  drop  for  fuel 
cell  No.  1  and  the  combined  drop  for  cells  No.  1  and  6  were  calculated. 
Figure  6-9  and  6-10  present  the  breakdown  of  losses  for  the  various 
components  in  progressive  flow  rate  increments.  These  figures  are 
plotted  as  pressure  required  versus  flow  rate  on  Figures  6-6  and  6-7. 

Losses  thru  the  1/2"  holes  were  originally  based  on  an  orifice 
coefficiency  of  .61.  The  actual  orifices  are  thick  walled  and  submerged 
indicating  that  a  value  greater  than  .61  should  be  used.  Reference  24 
suggests  .76  for  a  thick  walled  submerged  orifice. 

The  differential  pressure  in  the  prismatic  section  of  the  pod  will 
•be  the  same  thru  out.  Those  holes  (2  in  No.  1  cell  and  2  in  No.  6  cell) 
in  the  forebody  and  afterbody  will  be  treated  as  having  a  lower  static 
pressure  than  those  in  the  prismatic  section  by  1/2.  No  losses  are 
considered  for  flow  thru  the  cells.  From  a  nomogram,  the  entrance  and 
exist  losses  from  each  cell  are  figured  as  5  and  10  equivalent  feet 
respectively  and  equivalent  lengths  of  piping  thru  voids  as  5  feet  each, 
for  a  total  of  20  equivalent  feet. 

Dynamic  pressure  was  calculated  from  the  formula 
P  «  1/2*V2  with  l/2p-  .9948 

Therefore  at  40K  P  «  .9948  (40  x  1.6839)Z/144  -  31.53  psl 

37  -  26.98 

35  -  24.14 

30  »  17.74 

Ram  pressure  is  obtained  by  combining  the  dynamic  pressure  with 
the  static  head  for  a  nominal  follbome  submergence  of  7.5  feet. 

Static  Head  -  7.5  Ft.  -  7.5  Ft.  x  64»/Ft.3  -  3.33  Psi 

144  in  VFt2 
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EQUIVALENT  FEET  (Cell  1  or  6) 


PIPING  SIZE 

1-1/2"  x  .049 

1-1/4"  x  .049 

2-1/2"  x 

Tank  &  Strut 

Piping 

58.0 

- 

- 

1-45°  Elbow  1-1/2" 

2.0 

- 

- 

1-90°  Elbow  1-1/2" 

4.5 

- 

- 

3-45°  Elbow  1-1/2" 

4.5 

- 

- 

Hull 

Piping 

2.5 

6.0 

17.5 

1  -  Butterfly  Valve 

1.0 

- 

3.0 

1  -  Tee  On  Run 

•  “ 

2.0 

4.5 

4  -  90°  Elbow  1-1/4" 

- 

14.0 

- 

2  -  90°  Elbow  2-1/2" 

- 

- 

12.0 

1  -  90°  Elbow  1-1/2" 

4.5 

- 

- 

3-90°  Bends  2-1/2" 

- 

- 

10.5 

77 

22 

47.5 

+  10%  8 

2 

4.5 

Total  Equivalent  Feet 

85 

24 

52 

FUEL  SYSTEM  PIPING 
EQUIVALENT  STRAIGHT  PIPE  FEET 


Figure  6-8 


Ml  69  FUEL  SYSTEM  PRESSURE  DROPS 

-  NO. 

1  or  NO. 

6  CELL 

JP-5 

@  28°F 

TUBE  SIZE 

GPM 

-  aP 
100 
psl 

0) 

aP 

85 

(2) 

AP 

24 

(3) 

aP 

52 

J4) 

AP 

Flow 

Meter 

Q.D. 

CPLG 

J&P 

Press 

Reg. 

(7) 

4+5+6 

1.5"  x  . 

049"  Wall 

20 

2.77 

2.35 

.14 

.22 

.365 

40 

9.65 

8.20 

.47 

.80 

1.37 

60 

20.02 

17.02 

l 

1.04 

1.90 

3.64 

80 

33.61 

28.57 

1.65 

4.20 

6.85 

' 

100 

50.23 

42.70 

2.59 

4.80 

8.99 

1.25"  x 

.049"  Wall 

20 

7.1 

1.70 

.005 

40 

24.78 

5.95  ; 

1 

.10 

60 

51.40 

12.34 

.70 

80 

86.28 

20.70 

1.00 

[ 

100 

128.93 

30.94 

1.60 

2.875"  x 

,120"Wall 

20 

.134 

.07 

40 

.467 

.24 

60 

.969 

.50 

80 

1.626 

.85 

100 

2.43 

1.26 

TOTAL  PRESSURE  DROP 


DOCKSIDE  FOILBORNE 

FUELING  TRANSFER 


GPM 

Frlct. 

Static 

Total 

-  1+2+3+ 7 

Head 

psl 

20 

.  4.485 

7.50 

11.99 

40 

15.76 

7.50 

23.26 

60 

33.50 

7.50 

41.00 

80 

56.97 

7.50 

64.47 

100 

83.89 

7.50 

91.39 

FUEL  SYSTEM  PRESSURE  DROPS.  CELLS  1  or  6 
Figure  6-9 


Ml  69  FUEL  SYSTEM  PRESSURE  DROPS  NO.  1  AND  6  CELLS  JP5  @  28°F 
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FUEL  SYSTEM  PRESSURE  DROPS  CELLS  1  and  6 


Figure  6-10 
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Vfii  pw 


6.1.1 

{  (Cont'd) 


( 

I 


C 


For  Forebody  &  Afterbody  holes  »  3.33/2  =  1.67  psi 

Ram  Press  *  Dyn  &  Static  at  40  kts  =  31.53  +  3.33  s  34.87  psi 

37  kts  *  26.98  +  3.33  =  30.31  psi 

35  kts  =  24.14  +  3.33  =  27.47  psi 

30  kts  *  17.74  +  3.33  -  21.07  psi 

Certain  assumptions  were  made  in  conjunction  with  the  design 
conditions  contemplated  resulting  in  conservative  generalized  results. 
Principal  among  these  criteria  are: 

(a)  The  sea  water  ballast  duct  through  the  void  spaces  is  ' 

4“  0.0.  x  .125"  Wall. 

(b)  Max  craft  speed  is  37  knots  and  equal  to  «30  psi  ram  pressure. 
If  there  were  no  losses  in  the  seawater  line  that  would  give  a 
fuel  flow  for  cells  1  &  6  of  about  94  GPM.  However  there  are 
losses  and  from  previous  calculations  it  appears  that  the  fuel 
flow  would  be  84  GPM  from  cells  1  &  6  simultaneously.  To 
simplify  the  calculations  the  assumption  is  made  that  the  fuel 
flow  rate  is  84  GPM  regardless  of  craft  speed  (30-40  knots). 

(c)  The  assumption  will  also  be  made  that  the  differential  pressure 
causing  flow  thru  the  vent  holes  is  also  constant  in  the  30-40 
knot  speed  range.  The  value  chosen  is  27  psi  in  the  prismatic 
section  and  28.67  In  the  fore  and  afterbody  sections. 

The  flow  through  the  1/2"  diameter  holes  was  based  upon 
the  standard  formula  for  flow  through  a  thick  walled  submerged 
orifice: 


%  *  .76  A  Y2  gh  where 

$  *  flow  in  cu.  ft.  per  sec. 

A  ■  Area  in  square  feet 

h  *  head  In  feet 

Converting  to  GPM  the  flow  through  the  vent  holes  becomes: 

For  prismatic  section  -  20  holes  29  GPM/Hole 

Forebody  and  afterbody  4  holes  30  GPM/Hole 

Total  $W  flow  -  84  +  (20  x  29)  +  (4  x  30)  -  784  GPM 
Flow  Into  Cell  1  ■  784  GPM 

Flow  Into  Cell  2  &  3  -  784  -  [42  +  (2  x  30)  +  (2  x  29)]-  624  GPM 

Flow  into  Cell  4  &  5  -  624  -  (8  x  29)  -  392  GPM 

Flow  into  Cell  6  -  392  -  (  8  x  29)  •  160  GPM 
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6.1.1  Additional  simplifications  and  conservatisms  are  Incorporated 
(Cont'd)  into  the  pressure  available. 

1.  Constant  fuel  flow  regardless  of  craft  speed. 

2.  Constant  fuel  flow  whether  pumping  from  one  alone  or  two 

together. 

3.  Constant  differential  pressure  to  cause  flow  thru  the  drain 

holes. 

The  net  results  of  these  calculations  are  tabulated  on  Figure  6-11. 

During  ship  check  of  the  PCH-1,  a  random  survey  was  made  of  several 
of  the  double  bottom  void  areas  to  ascertain  if  any  would  be  suitable 
for  extended  range  fuel  tanks.  While  such  areas  do  exist,  specifically 
those  between  frames  8  and  11,  they  are  not  suitable  for  use  as  fuel 
tanks  without  structural  reinforcement  and  weld  inspection. 

6.1.2  Dockside  Fueling  -  When  fueling  with  40  psi  dockside  pressure  and  pres¬ 
sure  controlled  to  32  psi  (max)  @  fuel  transfer  manifold  the  head  to  B/F 
tank  Is 

24'  =  24x62. 4x. 83  *  8.6  psi 
144 

Seawater  Head  (displaced)  *  19-1/2'  *  19.5  x  64  =  8.66  psi 

144 

Max.  pres,  in  B/F  tank  ■  32  +  8.6  -  8.66  ■  31.94  psi 

Figure  6-6  shows  a  dockside  fuel  flow  of  approximately  58  GPM  per 
cell  at  this  pressure. 

Based  upon  the  full  B/F  tank  fuel  capacity  of  39.09  L.T.  the  approxi¬ 
mate  time  to  refuel  under  various  combinations  of  cells  would  be 
approximately  as  follows: 

Total  capacity  -39.09  L.T.  x  321.64  gal/ton  *  12,573  gals. 

No.  of  cells  fueled 

simultaneously 

1  216  Min. 

2  108  Min. 

3  72  Min. 

4+2  84  Min. 

5  +  1  96  Min. 

6  72  Min. 

Inasmuch  as  the  standard  Navy  refueling  rate  Is  200  GPM  at  40  psi 

no  more  than  this  amount  could  be  taken  on  board.  To  allow  for  losses  the 
above  times  are  based  upon  a  maximum  fuel  flow  of  174  GPM 
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SEAWATER  PRESSURE  DROPS  IN  B/F  TANK 


NOTE:  All  calculations  based  upon  4"  0.0.  x  .125”  wall  tubing 
Interconnecting  ballast  lines  and  four  1/2"  dia. 
vent  holes  In  each  cell. 

Table  based  upon  transferring  fuel  from  cells  No.  1 
and  6  simultaneously. 


SEAWATER  PRESSURE  DROP  IN  B/F  TANK 
Figure  6-11 
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Bilge  and  Ballast  System  -  The  ballasting  system  for  the  buoyancy/ 
fuel  tank  is  an  integral  system  within  the  tank,  having  no  connection 
to  any  portions  of  the  hull  system.  The  screened  inlet  of  approximately 
3%  inch  diameter  is  located  at  the  forward  end  of  the  nose  cone. 

No  piping  is  required  within  the  ballast  cells  themselves,  but 
interconnecting  pipes  are  run  through  each  of  the  access  compartments. 

In  this  manner,  one  inlet  serves  all  six  ballast  cells.  No  valving  is 
required  as  rate  of  flow  is  regulated  by  the  fuel  cell  control  valves. 

A  motor  operated  valve  is  located  in  the  ballast  line  at  the  nose 
and  tail  of  the  buoyancy/fuel  tank  to  provide  a  measure  of  control  during 
ballasting  and  deballasting  operations. 

The  four  void  spaces  are  Interconnected  by  drain  lines  thru  the 
fuel  cells  to  a  bilge  pump  located  in  the  space  below  the  strut.  Each 
compartment  Is  fitted  with  a  bilge  alarm,  the  one  located  in  the  compart¬ 
ment  below  the  strut  provides  automatic  starting  of  the  pump.  Remote 
control  of  the  pump  is  also  provided  at  the  fuel  management  station. 


Compressed  Air  System  -  The  existing  ships  H.P  air  system  will  be 
modified  to  provide  the  deballasting  function  for  the  Buoyancy/Fuel 
tank.  Deballasting  is  required  foilborne  to  reduce  dynamic  lift,  and 
dockside  to  avoid  overloading  the  crane  when  lifting  the  craft  from  the 
water.  The  foilborne  function  is  provided  by  the  shipboard  system  while 
the  dockside  service  is  provided  by  a  shore  air  connection  connected  to 
the  deballasting  manifold  oh  the  ship. 

The  modifications  to  the  system  include  the  addition  of  a  purifica¬ 
tion  chamber  in  series  with  the  existing  compressor  discharge  piping  to 
lower  the  dew  point  to  -50°F  to  preclude  water  being  carried  over  into 

the  fuel  cells.  This  also  supplies  divers  breathing  air  if  desired.  An 
3  3 

existing  1.5  ft  bottle  will  be  supplemented  by  7  additional  1.5  ft  air 

3 

flasks  for  a  total  storage  capacity  of  12  ft  .  The  storage  bottles  can  be 
charged  in  5  hours  by  the  H/P  air  compressor.  The  replaceable  cartridge 
in  the  purification  chamber  Is  good  for  4  complete  chargings  of  the 
12  ft  storage  flasks.  High  pressure  (3000  psig)  air  is  piped  to  a 
3000/32  psig  pressure  reducing  valve  and  backed  up  by  a  pop  safety  valve. 
The  32  psig  supply  Is  piped  to  a  "Y"  branch  manifold  so  that  only  two  of 
the  six  fuel  tanks  may  be  simultaneously  deballasted  while  foilborne. 

The  compressed  air  Is  routed  to  the  fuel  cells  thru  check  valves  to  pre¬ 
bent  fuel  backup  into  the  compressed  air  system.  The  fuel  piping  within 
the  B/F  tank  strut  is  utilized  for  the  compressed  air  system. 

Dockside  air  at  a  nominal  100  psig  is  available  for  dockside  de¬ 
ballasting  prior  to  placing  the  craft  in  the  maintenance  stand.  Dockside 
air  usually  contains  some  freewater  and  has  a  fairly  high  dew  point.  In 
order  to  avoid  Introducing  water  into  the  ships  tanks,  a  dockside  skid 
mounted  air  drier  Is  required.  An  inlet  and  discharge  filter  are  part 
of  this  assembly.  The  dry  (-50°F  dew  point)  air  Is  connected  to  the 
craft's  shore  air  connection  and  piped  to  a  100/32  psig  pressure  reducing 
valve  which  is  "teed"  into  the  deballast  manifold. 

To  preclude  creating  an  unstable  condition  by  deballasting  an 
excessive  number  of  cells  only  two  flexible  connections  are  Included  in 
the  compressed  air  supply  to  the  deballast  manifold.  By  using  only  six 
of  the  eight  air  flasks  it  Is  possible  to  pressurize  t»#>  fuel  cells  to 
32  psig  In  seven  minutes  with  the  ram  pressure  shut-off  valve  closed. 
Deballasting  can  be  accomplished  with  the  ram  pressure  shut-off  valve 
open,  but  It  would  take  considerably  more  time  as  the  differential 
pressure  would  be  very  low.  As  the  air  pressure  In  a  deballasted  tank 
is  higher  than  ram  pressure,  it  Is  possible  to  transfer  fuel  while  foil- 
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6.3  born*  and  not  have  any  recompression  and  subsequent  loss  of  buoyancy. 

(Cont'd)  It  will  be  necessary  to  deballast  all  cells  prior  to  lifting  the 

craft  Into  the  maintenance  stand  to  avoid  overloading  the  crane  and 
the  hull.  When  this  evolution  Is  carried  out  It  will  be  necessary  to 
have  the  lifting  slings  attached  and  under  a  strain  as  the  deballasting 
operation  procedes.  Dockside  deballasting  Is  done  with  dockside  air 
and  should  be  accomplished  In  less  than  20  minutes. 

The  compressed  air  system  Is  shown  on  Figure  6-12. 

6.4  Hydraulic  System  -  Based  on  the  rudder  requirements  for  the  B/F  tank 

and  other  information  received  to  date,  it  is  proposed  to  utilize  a  spare 
Incidence  actuator  from  the  PGH-1  "FLAGSTAFF"  as  the  B/F  tank  rudder 
actuator.  Both  the  Installed  unit  and  a  spare  will  be  overhauled  and 
converted  for  SKYDROL  500B.  The  requirements  for  -10°  rudder  throw  at 
a  rate  three  times  that  of  the  existing  forward  strut  steering  actuator 
can  be  met  with  this  actuator.  This  Is  based  on  holding  a  ventilated 
load  of  1150  PSF  with  a  service  factor  of  1.46  with  2400  psid  across  the 
actuator.  The  flow  rate  for  this  condition  Is  26  GPM.  When  this  rate 
Is  added  to  the  existing  system  demands  and  the  RMS  flow  rate  determined. 
It  Is  apparent  that  the  standby  foil  borne  hydraulic  pump  wiTl  have  to 
be  operated  at  all  times.  In  ah  effort  to  alleviate  this  situation,  a 
600  cubic  inch  accumulator  has  been  sized  and  added  to  the  system  in  the 
B/F  tank  rudder  actuator.  During  Initial  sea  trials  the  standby  follborne 
hydraulic  pump  should  be  In  operation.  Once  the  ship  has  been  shaken 
down,  tests  can  be  conducted  with  the  standby  pump  secured  to  check  the 
adequacy  of  the  accumulator  Installation.  The  sizing  criteria  chosen 
was  one  actuator  stroke  In  670  milliseconds. 

Actuator  seal  drains  are  routed  to  the  follborne  reservoir.  The 
accumulator  charging  connection  and  gage  are  to  be  located  In  the  sonar 
trunk  fuel  management  area. 

High  pressure  quick  disconnect  fittings  are  located  at  the  actuator 
and  at  the  B/F  tank-strut  Intersection  as  an  aid  In  assembly  and  to 
prevent  draining  long  lengths  of  lines  during  maintenance  and  test 
operations.  The  installation  of  the  hydraulic  system  In  the  B/F  tank 
Is  shown  on  Figure  6-13. 
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ELECTRICAL/ ELECTRONIC  SYSTEMS 


7.0  Modifications  to  the  Electrical/Electronic  Systems  are  minimal 

and  are  described  below. 

7.1  Fuel  System  -  High  level  float  switches  are  to  be  installed  in  each  of 
the  two  hull  fuel  tanks.  These  switches  are  to  be  connnected  to  a 
normally  open  motor  operated  valve,  closing  when  the  switches  indicate 
that  both  tanks  are  full.  An  override  is  to  be  included  to  permit 
closing  the  valve  during  buoyancy/fuel  tank  filling  operations. 

Fuel  flow  transducers  are  located  in  the  fill  lines  to  each  tank 
fuel  cell  and  a  display  panel  indicates  fuel  quantities  in  and  out  of 
each  cell. 

7.2  Steering  System  -  The  B/F  Tank  rudder  requires  an  input  from  the 
existing  helm  synchro  to  be  fed  to  a  new  signal  amplifier,  which  in 
turn  controls  the  rudder  actuator  servo-valve.  This  modification  is 
shown  on  Figure  7-1.  Further  investigation  of  turning  characteristics 
may  warrant  the  Inclusion  of  a  redundant  system  for  the  aft  rudder. 

In  order  to  prevent- overloading  the  aft  foil  and  strut,  load  cells 
are  incorporated  into  the  B/F  tank  fitting  which  feeds  a  signal  to  the 
steering  actuator  to  compensate  for  the  yaw  movement. 

7.3  Fathometer  -  The  fathometer  transducer  presently  installed  in  the  fore¬ 
body  of^the  forward  pod  is  to  remain.  However,  a  duplicate  unit  is  to  be 
Installed  in  the  buoyancy/fuel  tank  in  the  void  space  between  cells  1  and 
2.  The  tank  mounted  transducer  is  connected  to  the  Depth  Recorder  and 
the  hull  transducer  cable  is  disconnected,  but  stowed  in  place  for  future 
reconnection. 

7.4  Ballast  System  -  The  ballast  system  requires  the  installation  of  two  shut¬ 
off  valves  In  the  B/F  tank.  There  are  to  be  remotely  controlled  motor 
operated  butterfly  valves,  and  will  require  necessary  wiring  and  controls. 

/.5  Bilge  System  -  The  B/F  tank  bilge  system  includes  bilge  alarms  in  five 
tank  compartments  and  a  bilge  pump  located  In  the  center  compartment. 

7.6  Tank  Control  Panel -The  control  panel  Includes  the'  necessary  switches. 
Indicator  lights,  relays,  etc.,  to  provide  the  following: 

Bilge  alarm  Indicator  lights 
Fuel  M.O.  valve  control  and  position  Indication 
S.W.  M.O.  valve  control  and  position  Indication 
Fuel  Sys.  Tank  relief  valve  alarm 
Hydraulic  filter  alarm 
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Electrical  Power  Requirements  -  The  following  items  require  power 
sources  from  the  ship's  distribution  system: 

B/F  Tank  Fuel  Pump 
B/F  Tank  Bilge  Pump 
Management  Station  Exhaust  Fan 
Tank  Control  Panel 
Fuel  Flow  Indication  System 
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SECTION  8 


RUDDER  AND  STEERING  -  AFT 


The  added  rudder  aft  has  been  incorporated  to  perform  two  functions. 

It  serves  both  to  improve  the  craft  maneuverability.  Section  3.6, 
and  also  to  provide  statical  stability  for  the  B/F  tank  during 
maneuvering  operations. 

In  order  to  provide  sufficient  lateral  area  for  stability  it  becomes 
necessary  to  install  a  rudder  blade  both  above  and  below  the  8/F 
tank.  Similarly,  due  to  the  pitching  moment  developed,  horizontal 
fins  are  also  incorporated. 

The  rudder.  Figure  8-1,  would  be  of  all  welded  construction,  fabricated 
from  HY-80  steel  as  shown. 

Thft  steering  system  aft  is  integrated  with  the  steerable  forward 
strut,  taking  control  commands  from  the  same  helm  synchro  and  feeding 
them  to  a  similar  hydraulic  actuator  servo  valve.  The  strut  locking 
mechanism,  however,  is  not  required  on  the  aft  rudder.  The  steering 
actuator  and  quadrant  Installation  are  also  shown  in  Figure  8-1. 

It  Is  also  anticipated  that  the  rudder  motion  will  be  activated  by 
load  cells  within  the  aft  strut  attachment  fitting  in  order  to  relieve 
yaw  moment  loads  on  the  aft  foil  and  struts.  Without  this  feature 
it  Is  possible  that  the  struts  could  exeed  the  maximum  allowable  stress 
level  during  certain  maneuvers. 
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SECTION  9 


MODIFICATIONS  TO  EXISTING  SHIP 

9.0  The  modifications  to  the  existing  PCH-1  Mod  1  to  Install  the 

buoyancy/ fuel  tank  require  extensive  structural  alterations  as  well 
as  system  and  outfitting  changes. 

9.1  Foil  System  -  As  the  existing  aft  foll/strut  array  Is  considered  to 
be  structurally  satisfactory,  the  only  modification  required  Is  the 
addition  of  a  fitting  to  be  attached  to  the  underside  of  the  foil  as 
indicated  on  Figure  5-1.  The  fitting  is  to  be  faired  into  the  existing 
structure  to  minimize  the  possibility  of  increased  drag  and  cavitation. 

9.2  Hull  -  The  major  modification  is  to  the  hull  and  Is  the  reinforcement 
of  the  frames  and. bulkheads  and;  installation  of  the  strut  attachment. 
These  are  shown  on  Figures  9-1  through  9-3.  Zinc  Anodes  are  to  be 
attached  to  the  hull  adjacent  to  the  B/F  tank  strut  and  elsewhere  to 
prevent  galvanic  corrosion. 

In  addition,  the  sonar  trunk  must  be  modified  and  foundations 
are  required  for  the  new  manifolds  and  associated  components. 

9.3  Fluid  Systems  -  The  modifications  to  the  fuel,  hydraulic,  and  compressed 

air  systems  require  only  the  addition  of  the  subsystems  as  shown  in 
Figure  6-1  .  Minimal  rerouting  or  replacement  of  existing  lines 

Is  contemplated. 

9.4  Electrical/Electronic  Systems  -  As  discussed  In  Section  7  and  dlagramned 
on  Figure  7-1,  the  steering  system  requires  the  major  modification  due 
to  the  addition  of  the  aft  rudder.  The  ship's  electrical  system  must 
provide  power  for  the  pumps,  fan  and  controls  associated  with  the  tank 
installation. 

9.5  Outfitting  -  The  platform  area  and  hold  area  between  frames  10  and  12 
within  the  confines  of  the  former  sonar  trunk  require  stripping  and  re¬ 
location  of  existing  equipment  and  joiner  installation  to  provide  space 
for  the  B/F  tank  handling  and  fuel  management  operation. 
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SECTION  10 


RECOMMENDATIONS 


10.0  The  contents  of  this  report  should  indicate  that  the  concept  and 
physical  fabrication  of  the  B/F  tank  would  be  entirely  feasible. 
However,  as  a  result  of  the  detail  design  investigation,  it  is 
believed  that  there  are  a  number  of  uncertainties  remaining  in 
the  total  concept  of  the  program  which  should  be  resolved  prior  to 
proceeding  to  a  construction/ship  alt  phase. 

10.1  Of  .primary  concern  is  the  predicted  performance  of  the  craft  inas¬ 
much  as  the  estimated  displacement  and  dynamic  lift  values  have 
increased  considerably  during  the  detail  design  phase. 

10.2  The  transmission  analysis  being  conducted  by  HYSTU  should  be  inves¬ 
tigated  for  its  impact  on  the  M169  design. 

10.3  It  must  be  ascertained  that  it  is  physically  possible  to  install 
the  B/F  tank  to  the  hull  in  dry  dock  or  on  shore-based  high  stands. 
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SECTION  n 


SCHEDULE 

11.0  Proposed  DTNSROC  schedule  for  the  Implementation  of  the  Buoyancy/ 
Fuel  Tank  Installation  on  the  PCH-1  are  shown  on  Figure  11-1,  and 
have  been  extended  to  Indicate  the  anticipated  effort  from  detail 
design  through  sea  trials. 

11.1  Not  specifically  Identified  on  the  schedule,  Figure  11-1  Is  the 
fabrication  of  those  Items  of  hydrodynamic  form  for  which  Grumman 
has  unique  capabilities,  and  for  which  It  would  entertain  an 
Invitation  to  submit  a  construction  quote.  The  Items  considered 
for  Grumman  fabrication  would  be  the  composite  material  nose  and 
tall  cones,  the  rudder  and  stabilizer  fins  and  the  HY100  steel  strut. 
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